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PREFACE 


This  report  is  a compilation  of  atomic  data  designed  mainly  to 
serve  the  needs  of  those  engaged  in  research  and  development  in  the 
field  of  rare  gas-halide  and  rare  gas-rare  gas  excimer  lasers.  The 
bulk  of  the  data  relates  to  structural,  radiative,  and  collisional 
properties  of  rare  gas  and  halogen  atoms,  and  of  the  ions  and  molecules 
that  can  be  formed  from  them.  Two-  and  three-body  collisions  involving 
only  heavy  particles  are  covered,  as  are  collisions  of  electrons  and 
photons  with  the  heavy  particles.  Transport  data  on  electrons,  ions, 
and  neutrals  are  included,  and  the  interaction  of  heavy  particles  with 
electric  and  magnetic  fields  is  considered.  The  impact  of  heavy 
particles,  electrons,  and  photons  with  surfaces  is  also  included, 
although  such  collisions  appear  not  to  have  been  included  in  excimer 
laser  models  to  date. 

A wealth  of  good  data  is  at  hand  on  structural  and  radiative 
properties  of  rare  gas  atoms  and  on  most  kinds  of  collisions  involving 
these  atoms  in  the  ground  state,  and  much  useful  information  has 
recently  become  available  on  the  structural  properties  of  homonuclear 
and  heteronuclear  rare  gas  molecules.  Comparatively  little  is  known 
about  collisions  of  various  kinds  of  particles  with  rare  gas  atoms  in 
excited  and  ionized  states  and  with  rare  gas  molecules.  There  is  a 
dearth  of  data  of  almost  every  type  on  halogen  atoms,  moletules,  and 
ions,  and  this  fact  has  prompted  us  to  take  two  steps.  First,  we  in- 
cluded a few  halogen  data  of  old  vintage  because  no  newer  data  were 
available.  Any  halogen  data  (other  than  of  spectroscopic  origin)  col- 
lected before  about  the  mid-1960's  should  probably  be  regarded  with 
reserve.  Atomic  collisions  experiments  on  the  halogen  have  been  notor- 
iously difficult  until  quite  recent  times,  and  even  now  they  pose 
problems.  We  hope  that  this  report  will  dramatize  the  lack  of  collis- 
ional data  on  the  halogens  and  the  rare  gas-halide  molecules  and  show 
where  additional  research  needs  to  be  done.  The  second  step  referred 
to  above  was  to  include  collisional  data  on  structures  outside  our  area 
of  responsibility  if  such  data  were  thought  to  be  useful.  This  step 
was  taken  mainly  when  no  data  were  on  hand  for  the  halogen  atoms, 
molecules,  or  ions.  In  certain  cases,  the  data  presented  can  be  scaled 
by  sound  theoretical  methods  to  provide  information  about  the  collision 
partners  of  interest.  In  the  remaining  cases,  the  user  of  this  document 
might  prefer  to  use  a cross  section  or  reaction  rate  for  an  extraneous 
system  rather  than  rely  totally  on  guesswork  if  no  data  are  available 
on  the  system  he  is  really  interested  in.  A monitory  "caveat  emptor" 
may  be  in  order  here  (if  indeed,  not  a "cave  canem"). 

We  began  this  compilation  with  only  electron  beam-  and  electrical 
discharge-pumped  lasers  in  mind.  Electron  collisions  at  all  energies  u 
up  to  about  10  Mev  were  included,  but  heavy  particle-heavy  particle 
collisions  at  energies  up  to  only  about  10  eV,  this  being  the  highest 
energy  that  we  could  conceive  for  heavy  particles  produced  in  dissocia- 
tive events  or  for  ions  at  the  values  of  E/N  (or  E/p)  existing  in  the 
lasers.  However,  we  began  to  notice  a few  papers  describing  research 
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cn  exciraer  lasers  excited  by  beams  of  fast  heavy  particles,  so  we  ex- 
panded our  coverage  in  this  direction. 


Now  for  a word  about  references.  At  the  beginning  of  many  of  the 
main  and  secondary  sections,  a list  of  "general  references"  appears. 

These  references  are  mainly  books  and  review  articles  of  general 
interest.  Those  marked  "D"  on  the  left  contain  much  useful  data;  those 
labeled  "R"  contain  a large  number  of  relevant  references.  Most  of 
these  references  came  from  "Bibliography  on  Sources  of  Information  on 
Pheneomona  of  Interest  in  Gas  Laser  Research  and  Development"  by  E.  W. 
McDaniel,  H.  W.  Ellis,  F.  L.  Eisele,  and  M.  G.  Thackston;  US  Army  Missile 
Command,  Redstone  Arsenal,  Alabama;  Technical  Report  RH-77-1,  January 
1977  (202  pages). 

Many  of  the  tables  and  graphs  presented  here  were  taken  directly 
from  "Atomic  Data  for  Controlled  Fusion  Research",  by  C.  F.  Barnett, 

J.  A.  Ray,  E.  Ricci,  I.  Wilker,  E.  W.  McDaniel,  E.  W.  Thomas,  and 
H.  B.  Gilbody;  Controlled  Fusion  Atomic  Data  Center,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  Tennessee  (Feb.,  1977),  Reports  ORNL  5206  and 
5207  (680  pages).  Such  graphs  can  be  identified  by  the  notation  ORNL  - 
the  corresponding  tables  appear  facing  the  graphs.  Other  ORNL  tables, 
not  paired  with  graphs,  are  easily  recognizable  by  the  same  distinctive 
format.  We  are  extremely  indebted  to  C.  F.  Barnett,  Director  of  the 
Controlled  Fusion  Atomic  Data  Center  at  Oak  Ridge,  for  permission  to  use 
his  material.  Barnett  and  Wilker  also  helped  us  considerably  by  send- 
ing us  recent  printouts  of  categorized  references. 

Our  sincere  thanks  go  to  E.  C.  Beaty,  John  Rumble,  and  Jean  W. 
Gallagher  of  the  JILA  Information  Center  at  the  University  of  Colorado, 
Boulder,  Colo,  and  to  L.  J.  Kieffer,  former  Director  of  the  Information 
Center.  They  generously  provided  processed  data  in  more  useful  form 
than  the  original  and  gave  us  permission  to  use  any  of  their  graphs  and 
tables.  Without  the  cooperation  and  assistance  of  the  Oak  Ridge  and 
JILA  Information  Centers,  we  could  not  have  prepared  this  document  in 
the  allotted  time. 

Also  we  are  very  grateful  to  T.  H.  Dunning,  Jr.,  P.  J.  Hays,  and 
W.  R.  Wadt,  all  of  LASL  (Los  Alamos  Scientific  Laboratory),  who  have 
rendered  invaluable  assistance  by  providing  us  with  their  calculated 
potential  energy  curves  and  other  structural  properties  of  the  rare-gas 
halides  and  rare-gas  molecular-ions  in  advance  of  publication  of  their 
articles. 

Others  who  have  helped  us  considerably  by  providing  data,  graphs, 
and  advice  are:  D.L.  Albritton;  B.  Bederson;  M.  A.  Biondi;  C.  Cason; 

R.  Celotta;  P.  J.  Chantry;  L.  Christophorou;  J.  S.  Cohen;  A.  Mandl; 

R.  W.  Crompton;  L.  G.  H.  Huxley;  D.  Howgate;  R.  Johnsen;  M.  Krauss; 

M.  Kurepa;  W.  L.  Lineberger;  D.  C.  Lorents;  K.  McCann;  A.  V.  Phelps; 

R.  Saxon;  B.  Schneider;  R.  F.  Stebbings;  E.  W.  Thomas;  F.  K.  Truby; 

W.  L.  Williams;  and  S.  F.  Wong. 
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Table*  A-l 

Rare-Gas  Halide  Laser  and  Fluorescent  Wavelengths 


Ne 

Ar 

Kr 

Xe 

F 

Fluoresces 

Laser 

Laser 

Laser 

108 

193 

248 

351 

Dissociates 

(A) 

(B) 

(C) 

(D) 

Cl 

Dissociates 

Fluoresces 

Laser 

Laser 

Cl2  (254) 

175 

22?. 

308 

(E) 

Dissociates 

(F) 

(G) 

(H) 

Br 

Dissociates 

Dissociates 

Fluoresces 

Laser 

Br2  (290) 

Br2  (290) 

206 

282 

(E) 

(I) 

(J) 

(K) 

I 

Dissociates 

Dissociates 

Dissociates 

Fluoresces 

I2  (342) 

I2  (342) 

I2  (342) 

254 

(E) 

(L) 

(M) 

Dissociates 

(N) 

The  Wavelengths  are  In  nm.  In  high  density  media  the 
dominant  emitters  and  their  peak  wavelength  are  listed. 

*Taken  from  D.  C.  Lorents,  "Kinetic  processes  in  rare-gas  halide  lasers,"  Invited 
talk,  X International  Conference  on  the  Physics  of  Electronic  and  Atomic 
Collisions,  Paris,  July  1977. 
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Graphical  Data.  A-1.2.  Calculated  potential  energy  curves  for  the 
covalent  and  ionic  states  of  NeF,  with  spin-orbit  corrections. 
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Graphical  Data.  A-1.6.  Calculated  potential  energy  curves  for  the 
covalent  and  Ionic  atatea  of  KrF,  with  spin-orbit  corrections. 
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Graphical  Data.  A-1.8.  Calculated  potential  energy  for  the 
covalent  and  Ionic  atatea  of  XeF,  with  spin-orbit  corrections. 
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Graphical  Data.  A-1.10.  Electronic  states  of  XeCl  Including  spln-orblt 
coupling. 
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Graphical  Data  A-l.ll.  Electronic  states  of  XeBr  without  spin-orbit 

coupling  corrections. 
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Graphical  Data.  A-1.12.  Electronic  states  of  XeBr  Including 
apln-orhlt  coupling. 
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Graphical  Data.  A-1.13.  Electronic  atatea  of  Xel  without 
apin-orblt  coupling  correctional 
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Graphical  Data.  A-1.14.  Electronic  atates  of  Xel  Including 
spln-orblt  coupling. 
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Graphical  Data.  A—1.17.  Dlatomlcs— ln-tnolecules  potential  surfaces 
for  the  Ionic  states  of  Ar2?  without  spln-orblt. 
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Graphical  Data  A-1.22.  Comparison  of  the  calculated  potential 
energy  curves  for  the  covalent  states  of  RgF  (solid  line) 
with  the  rare  gas-fluorine  Interaction  potential  determined 
by  Leonas  (dashed  line) . 
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Tabular  Data  A-2.1.  Total  energies  of  the  covalent  and  ionic  states  of  NeF. 
(The  energies  are  in  hartsees  and  are  relative  to  -227.  hartrees:  the 
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Tabular  Data  A-2.4.  Total  energies  of  the  covalent  and  Ionic  states  of  ArF,  with 
spin-orbit  corrections.  (The  energies  are  in  hartrees  and  are  relative  to  -625. 
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Tabular  Data  A-2.5.  Total  energies  of  the  covalent  and  ionic  states  of  KrF. 
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Tabular  Data  A-2.6.  Total  energies  of  the  covalent  and  Ionic  states  of  KrF,  with 
spin-orbit  corrections.  (The  energies  are  in  hartrees  and  are  relative  to  -2850. 
hartrees;  the  distances  are  in  bohrs) . 
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Tabular  Data  A-2.7.  Total  energies  of  the  covalent  and  ionic  states  of  XeF. 


Tabular  Data  A-2.8.  Total  energies  of  the  covalent  and  ionic  states  of  XeF,  with 
spin-orbit  corrections.  (The  energies  are  in  hartrees  and  are  relative  to  -7330. 
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Tabular  Data  A-2.10.  Creating  pointa  and  energlea  of  the  III  1/2  - II  3/2  curve  crossings 
in  the  rare  gaa  fluorldea.  (Units  are  aa  indicated). 
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Tabular  Data  A-2.12.  Total  energies  (relative  to  -7690.  hartrees)  as  a function 
of  R (In  bohr) for  the  electronic  states  of  XeCl  without  spin-orbit  corrections. 


Tabular  Data  A-2.13.  Total  energies  (relative  to  -7690.  hartree)  as  a function  of  R 
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Tabular  Data  A-2.14. 

Total  energies  (relative  to  -9800.  hartree)  as  a function  of  R (in  bohr)  for  the 
covalent  and  ionic  states  of  XeBr  without  spin-orbit  corrections. 
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A-3.  SPECTROSCOPIC  CONSTANTS  FOR  THE  IONIC  STATES  OF  THE  XENON-HALIDES 
AND  RARE-£AS- FLUORIDES  (RgF) . SPIN-ORBIT  PARAMETERS  FOR  RgF. 
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halides  without  spin-orbit  corrections. 


5.20  3.71  3.57  0.425  106.  0.30  0.02047 


Tabular  Data.  A-3.2.  Calculated  spectroscopic  constants  for  the  lonl 


Tabular  Data.  A-3.3.  Calculated  spectroscopic  constants  for  the  ionic  states  of 
the  rare  gas  fluorides.  Units  are  as  indicated. 


Tabular  DaCa.  A-3.5.  Calculated  spectroscopic  constants  for  the  Ionic  states 


T.  Tellinghuisen,  A.  K.  Hays,  J.  M.  Hoffman  and  G.  C.  Tisone 
Chem  Phys.  65,  4473  (1976). 


Tabular  Data.  A-3.7.  Calculated  and  experimental  spectroscopic  constants 
for  ionic  states  of  Xe12SFM,  with  spin-crbit  corrections.  (Units  are  as 
indicated). 
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Tabular  Date.  A-3.8.  Comparison  of  calculated  spectroscopic  constants 
of  the  III  1/2  state  of  the  xenon  halides  with  estimates  from  analysis 
of  the  fluorescence  spectra. 
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Tabular  Data.  A-3.9.  Spin-orbit  parameters  for 
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A-4.  DIPOLE  MOMENTS  OF  COVALENT  AND  IONIC  STATES  AND  TRANSITION 
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Tabular  Data.  A-4.1.  Calculated  dipole  moments  of  the 
covalent  states  of  the  rare  gas  fluorides.  (The  moments 
are  In  atomic  units;  the  distances  are  In  bohrs). 
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Graphical  Data.  A-4.2.  Calculated  dipole  moments  for  the  covalent 
states  of  ArF,  KrF  and  XeF. 


Tabular  A-4-3.  Calculated  dipole  momenta  of  the  ionic  states  of  the  rare  gas  fluorides 
(The  moments  are  in  atomic  units;  the  distances  are  in  bohrs). 
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Tabular  Data.  A-4.5.  Calculated  transition  moments  for  the  ionic-covalent  transitions 
of  the  rare  gas  fluorides.  (The  moments  are  In  atomic  units;  the  distances  are  In  bohrs) 
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•bular  Data.  A-4.8.  Calculated  transition  moments  for  the  ionic-covalent  transitions  of 
ktf,  vlth  spin-orbit  corrections.  (The  moments  are  in  atomic  units;  the  distances  are  in 
bohra.)  Only  the  z-components  are  given. 


Tabular  Data.  A-4.10.  Calculated  transition  moments  for  the  ionic-covalent  transitions  of 
XeF,  with  spin-orbit  corrections.  (The  moments  are  in  atomic  units:  the  distances  are  in 
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Tabular  Data.  A-4.15.  Calculated  dipole  moments  for  the  covalent  states  of  the  xenon  halides 
without  spln-orblt  coupling  corrections.  (All  quantities  are  In  atomic  units). 
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-0.0113  — -0.0304  -0.0392  -0.0047  — -0.0079  -0.0071 


Tabular  Data.  A-4.16.  Calculated  dipole  moments  for  the  Ionic  states  of  the  xenon  halides  without 
spln-orblt  coupling  corrections.  (All  quantities  are  in  atomic  units). 


-9.8629 — -9.7285  -9.5723  -9.8743  — -9.7435  -9.6053 
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Graphical  Data.  A-4.18.  2ZE+  - 1ZE+  transition  moments  for  the 
xenon  halides. 
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Graphical  Data.  A-4.20.  Schematic 
emission  bands  in  xenon  halides. 
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Graphical  Data.  A-4.21.  IV  1/2  - I 1/2  transition  moments  for  the 
xenon  halides. 
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Graphical  Data.  A-4.22.  Ill  1/2  - I 1/2  transition  moments  for  the 
xenon  halides. 
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Graphical  Data  A-4.23.  Ill  1/2  - II  1/2  transition  moments  for  the 
xenon  halides. 
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Tabular  Data.  A-5.3.  Calculated  and  experimental  emission  energies,  wavelengths 


Tabular  Data.  A-5.4.  Calculated  and  experimental  emission  energies,  wavelengths 
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Tabular  Data.  A— 5 . 5 . Calculated  and  experimental  emission  energies,  wavelengths 
and  widths,  and  transition  moments,  Einstein  coefficients  and  lifetimes  for  the 
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Calculated  potential  curves  for  the  ground  states. 


He,+ 


R (bohrs) 

1.50 

1.75 

2.00 

2.25 

2.50 

3.00 

3.50 

4.00 

5 00 

6.00 

U(R)‘  (eV) 

-1.16 

-2.38 

-2.67 

-2.52 

-2.18 

-1.45 

-0.84 

-0.48 

-0.16 

-0.07 

Ne,* 

R (bohrs) 

V(R)'  (eV) 

2.50 

+0.79 

2.80 
— 1.14 

3.00 

-1.56 

3.20 

-1.65 

3.50 

-1.49 

4.00 

-1.03 

5.00 

-0.39 

Ar,* 

R (bohrs) 

3.80 

4.00 

4.20 

4.30 

4.50 

4.60 

4.70 

5.00 

5.50 

U(R)‘  (eV) 

+0.04 

-0.63 

-1.00 

-1.12 

-1.23 

— 1.25 

-1.25 

- 1.15 

-0.89 

F," 

R (bohrs) 

2.68 

3.20 

3.60 

4.00 

4.40 

4.80 

5.20 

5.80 

6.60 

U(R)‘  (eV) 

+0.94 

-1.10 

-1.66 

-1.50 

-1.24 

-0.99 

-0.78 

-0.55 

-0.35 

CU- 

R (bohrs) 

3.80 

4.00 

4.50 

4.70 

5.00 

5.10 

5.50 

6.00 

7.00 

(*)•  (eV) 

+0.94 

+0.04 

-1.05 

-1.21 

— 1.28 

-1.28 

-1.18 

-0.98 

-0.60 

Cl, 

R (bohrs) 
tf(A)b  (eV) 

3.60 
+ 1.04 

3.756 

+0.91 

3.80 

+0.91 

3.90 

+0.94 

4.20 
+ 1.30 

* Relative  to  dissociated 

system:  U{ 

>)-o. 

b Relative 

to  £ci  + Eci-:  U ( 

® ) -3.42 

eV. 

Ground  sUte  potential  curve  characteristics. 

D.(eV) 

R.  (bohr) 
Calc 

w,  (cm-*) 
Calc 

B.  (enr") 
Calc 

6£lh  * (eV) 

Calc 

Calc 

Exptl 

He,+ 

2.67 

2.49»>  (2.33*) 

2.0" 

1790" 

7.4" 

1.02 

Ne,* 

1.65 

1.35 ±0.07*  (1.1*) 

3.2 

660 

0.59 

1.77 

Ar,+ 

1.25 

1.6+0.3'  (1.4*) 

4.6 

300 

0.139 

0.69 

F,- 

1.66 

1.29±0.1« 

3.6 

510 

0.50 

1.89 

ci,- 

1.28 

1 . 26±0. 1* 

5.0 

260 

0.136 

0.78 

a, 

0.87 

2.5143" 

3.8 

577 

0.24 

... 

"Limiting  value  of  left-right  correlation  energy  for  R — -a . See  teat. 

‘ It.  E.  Olson  and  C.  R Mueller.  J.  Chen.  Thy...  4«,  J3I0  (I9«7).  Thia 
figure  It  baaed  on  the  10  eV  scattering  data  cf  1x5 rents  and  Aberth.  The 
value  obtained  from  scattering  at  15  eV  is  0,-1. M eV. 

• Mulllken's  estimates  of  the  "true"  values.  See  R.  S.  Mulliken.  J.  Chem. 
Phys  it.  5170  (1*70). 

" Experimental  values  are  R, -2.04,  «. -1627.  and  5. -7.27  |G.  Hen- 
berg.  l/olsrslsr  Spectra  end  .1/oferalsr  .ffrsdsrs  /.  Spectra  of  Diatomic 
Uotecmlei  (Van  Nostrand-Reinhold.  1950). I Reagan  el  at.  |J.  Chem. 
Phys.  52,  504  (1945))  obtain  0.-2.5O.  R, -2  06.  w. - 1046.  and  21,-6.99 
from  a 26-terra  multkonfiguratlon  calculation. 


•J.  R.  Connor  and  M.  A.  Biondl.  Phys.  Rev.  140,  A77fi  (1945).  I 
Frommhold  and  M.  A.  Biondl.  Phys.  Rev.  US.  244  (1969). 

' W Aberth  and  D.  C.  Lo rents.  Phys.  Rev.  144,  109  (1964). 

» W.  A.  Chapka.  J.  Berkowitt.  and  D.  Gutman.  J.  Chem.  Phys.  55, 
2724  (1971). 

b A.  E.  Douglas.  C.  K.  Moeller,  and  B.  P.  Stoic  he  ff.  Can.  J.  Phys  «* 
1174  (1945).  Experimental  values  for  the  otlier  constants  are  R,-5.75o 
w,-559.71.  and  5,-0.24407.  Clj  is  the  only  one  of  the  above  system* 
for  which  the  MO  wavefunetkm  does  not  dissociate  to  the  proper  limit. 


Tabular  Data.  A-6.1. 
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Symmetric*  and  excitation  energies  of  the 
lower  symmetry  state*  of  the  He,*  molecular  collision 
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Tabular  Data  A-6.3.  He 


I 2 3 4 5 os 

R(&) 

Potential  curves  of  He,+  and  of  some  triplet  states  of 
He«.  For  the  ten  lower  states  shown,  which  have  A core,  the  curve 
shapes  near  their  minima  and  their  depths  relative  to  the  A curve 
of  He,+  are  based  on  experimental  data,  except  for  4 pa  and  4 fa. 
The  absolute  depths  of  all  these  curves  arc  based  on  an  assumed 
value  of  2.1  eV  for  the  dissociation  energy  D*  of  the  ; =0 

level  of  He,t.  The  forms  of  the  B- core  curves,  and  of  the  A -core 
curves  at  larger  R values,  have  no  more  than  qualitative  justifi- 
cation. Circles,  for  example  where  A is  intersects  Aida,  and  where 
/44i  intersects  B ipa  (twice),  indicate  crossings  which,  although 
not  so  shown,  should  be  avoided  according  to  the  noncrossing 
rule.  For  every  triplet  state  of  He,  a correspond l-g  singlet  state 
exists,  but  to  avoid  confusion  these  are  omitted 


Graphical  Data  A-6.4.  He2+ 


124 


J 


8 


9 


Graphical  Data  A-6.6.  Potential  curves  of  Net  including  the  effect 
of  spin-orbit  coupling.  z 


Tabular  Data  A-6.7 


Potential  energies  of  Ne£  before  spin-orbit 
coupling  [relative  to  the  separated-atom 
limit,  i.e.  V(R)  - E(R)  - E(«)  ]. 


R[ao] 


V(R)  [a.u. ] 


2.5 

0.06288 

0.50554 

0.39732 

0.26352 

3.0 

-0.03906 

0.19912 

0.11981 

0.06015 

3.5 

-0.04220 

0.08791 

0.03753 

0.00965 

4.0 

-0.02904 

0.04233 

0.01219 

-0.00132 

5.0 

-0.01001 

0.01117 

0.00129 

-0.00208 

6.0 

-0.00308 

0.00307 

0.00002 

-0.00085 

7.0 

-0.00098 

0.00080 

-0.00011 

-0.00035 

8.0 

-0.00035 

0.00017 

-0.00010 

-0.00015 

127 


Tabular  Data  A-6.8.  Potential  energies  of  Nj  including  spln-orblt 
effects.  a»^ 


R[ao] 

(1/2)»(2p3/2) 

V(R)  [a.u 

(1/2)g(2p3/2) 

] 

(1/2)u(2p!/2)  MglSrt) 

0.06406 

0.26588 

0.39614 

0.50318 

3.0 

-0.03789 

0.06250 

0.11864 

0.19676 

3.5 

-0.04105 

0.01199 

0.03638 

0.08557 

4.0 

-0.02792 

9. 89xl0-4 

0.01107 

0.04002 

5.0 

-0.00904 

6.59xl0~5 

3.24xl0-4 

0.00902 

6.0 

-0.00247 

7. 26xlO_4 

-5.92xl0~4 

0.00149 

7.0 

-7.33xl0-4 

3.24xl0-4 

-3.59xl0“4 

1. 21xl0~4 

8.0 

-2.68xl0*4 

5. 70xl0-5 

-1.76xl0“4 

-3. 70xl0~5 

* 2 2 
aThe  energy  of  Ne  ( relat*ve  to  the  ground  state  Ne(  P.^) 

is  0.00356  a.u. 
b ^ 2 

The  Ne2  (3/2)  u g ( P^^  potential  curves  are  the  same  as  those 

listed  in  Table  for  Net  2II  (2P). 

2 u,g' 
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Tabular  Data.  A-6.9.  Vibrational  levels  of  Ne2  (l/2>u  ( P3/2)  state. 

2 -f  * 

The  spectrum  of  Ne2  Zu  is  similar  except  for  the  high 
vibrational  states  and  has  one  more  bound  level. 


"4  n'vV 


V 

G[cm 

Bv[cm  1] 

v 

G[cm  *■] 

Bv[cm  *] 

0 

253 

0.553 

16 

7072 

0.393 

l 

756 

0.550 

17 

7363 

0.380 

2 

1253 

0.546 

18 

7636 

0.366 

3 

1744 

0.541 

19 

7891 

0.352 

4 

2231 

0.533 

20 

8127 

0.322 

5 

2713 

0.525 

21 

8345 

0.322 

6 

3188 

0.515 

22 

8543 

0.306 

7 

3652 

0.504 

23 

8721 

0.289 

8 

4101 

0.492 

24 

8878 

0.270 

9 

4534 

0.480 

25 

9015 

0.250 

10 

4950 

0.468 

26 

9130 

0.228 

11 

5348 

0.456 

27 

9223 

0.202 

12 

5729 

0.444 

28 

9292 

0.174 

13 

6091 

0.431 

29 

9342 

0.148 

14 

6436 

0.419 

30 

9375 

0.119 

15 

6763 

0.406 

31 

9394 

0.093 

D =*  9401  cm 

® _o 

R • 1.75  x 10  cm 
e 
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Graphical  Data  A-6.10.  Ar 
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Arg  POTENTIAL  CURVES 


Graphical  Data.  A-6.11. 


Ar 


+ 
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Tabular  Data  A-6.12.  Total  energies  for  POL  Cl  calculations 
on  A^  without  spin-orbit  coupling.  Energies  are  relative 
to  -1052.  hartrees. 


R 

2z¥ 

u 

2n 

g 

2n 

u 

20.0  a 

o 

— 

1.01585 

- 1.01585 

- 1.01585 

— 

1.01585 

8.0 

- 

1.01957 

- 1.01676 

- 1.01622 

- 

1.01366 

7.0 

- 

1.02608 

- 1.01800 

- 1.01584 

- 

1.00840 

6.75 

- 

1.02874 

- 1.01846 

- 1.01550 

- 

1.00605 

6.5 

- 

1.03194 

- 1.01895 

- 1.01490 

- 

1,00302 

6.25 

- 

1.03571 

- 1.01940 

- 1.01390 

- 

0.99907 

6.0 

- 

1.04004 

- 1.01967 

- 1.01226 

- 

0.99388 

5.75 

- 

1.04486 

- 1.01956 

- 1.00960 

- 

0.98700 

5.5 

- 

1.04995 

- 1.01867 

- 1.00534 

- 

0.97778 

5.25 

- 

1.05492 

- 1.01639 

- 0.99861 

- 

0.96531 

5.0 

- 

1.05910 

- 1.01173 

- 0.98806 

- 

0.94828 

4.75 

- 

1.06139 

- 1.00312 

- 0.97167 

- 

0.92478 

4.5 

- 

1.06003 

- 0.98814 

- 0.94643 

- 

0.89212 

4.25 

- 

1.05232 

- 0.96316 

- 0.90791 

- 

0.84642 

4.0 

- 

1.03405 

- 0.92274 

- 0.84961 

- 

0.78227 

3.0 

— 

0.65613 

- 0.37623 

- 0.15502 

0.15449 

1 


Tabular  Data  A-6.13.  Spectroscopic  data  for  the  ground  state 
of  Ar*  with  and  without  spin-orbit  coupling. 


De(eV) 

Re(A) 

, -Is 

U)  (cm  ) 
e 

B (cm 
e 

12E+ 

1.24 

2.48 

293 

0.137 

U 

l(l/2)u 

1.19 

2.48 

293 

0.137 

Tabular  Data  A-6.14.  Absorption  data  for  A^  with  and  without 
spin-orbit  coupling. 


AE(eV) 

A(nm) 

M(D) 

f 

i2z+  + i2n 

u g 

1.66 

745 

0.09 

5.0xl0-5 

-*■  12Z+ 
g 

3.89 

319 

5.26 

0.41 

I(l/2)u  - 1(3/2) g 

1.61 

772 

0.06 

2.4xl0-5 

- Kl/2)g 

1.72 

720 

0.38 

9.2xl0~4 

■*  11(1/2)  g 

3.89 

318 

5.22 

0.40 

The  vertical  transition  energies  are  calculated  at  R 
as  are  the  transition  moments  (M)  and  oscillator 
strengths  (f). 
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Tabular  Data  A-6.15.  Total  energies  for  POL  Cl  calculations  on  Ar+ 
with  spin-orbit  coupling.  (Energies  are  relative  to  -1052.  hartrees) . 


r — _ 1 

R 

I(i/2)u 

Il(l/2)u 

l(3/2)u 

I(1/2)r 

H(1/2)r 

1(3/23* 

20.0  a 

o 

- 1.01802 

- 1.01150 

- 

1.01802 

- 

1.01802 

- 1.01150 

- 1.01802 

8.0 

- 1.02094 

- 1.01267 

- 

1.01839 

- 

1.01723 

- 1.01101 

- 1.01893 

7.0 

- 1.02680 

- 1.01294 

- 

1.01801 

- 

1.01693 

- 1.00729 

- 1.02017 

6.75 

- 1.02933 

- 1.01273 

- 

1.01767 

- 

1.01713 

- 1.00519 

- 1.02063 

6.5 

- 1.03242 

- 1.01224 

- 

1.01707 

- 

1.01743 

- 1.00236 

- 1.02112 

6.25 

- 1.03609 

- 1.01133 

- 

1.01607 

- 

1.01773 

-.99856 

- 1.02157 

6.0 

- 1.04035 

- 1.00977 

- 

1.01443 

- 

1.01788 

-.99348 

- 1.02184 

5.75 

- 1.04511 

- 1.00717 

- 

1.01177 

- 

1.01769 

-.98669 

- 1.02173 

5.5 

- 1.05015 

- 1.00296 

- 

1.00751 

- 

1.01673 

-.97753 

- 1.02084 

5.25 

- 1.05508 

-.99627 

- 

1.00078 

- 

1.01440 

-.96511 

- 1.01856 

5.0 

- 1.05922 

-.98575 

-.99023 

- 

1.00970 

-.94812 

- 1.01390 

4.75 

- 1.06149 

-.96939 

-.97384 

- 

1.00106 

-.92465 

- 1.00529 

4.5 

- 1.06011 

-.94417 

-.94860 

-.98606 

-.89201 

-.99031 

4.25 

- 1.05238 

-.90567 

-.91008 

-.96106 

-.84633 

-.96533 

4.0 

- 1.03410 

-.84738 

-.85178 

-.92063 

-.78220 

-.92491 

3.0 

-.65614 

-.15282 

-.15719 

-.37409 

-.15444 

-.37840 

Tabular  Data  A-6.16.  Comparison  of  ab  initio  calculations  for  the 
dipole-allowed  absorptions  in  Ar^* 


U i 

V- 

2n 

X 

u 

X 

u 

*(»■) 

X(ntn) 

M(D) 

Stevens* 

299 

5.74 

705 

0.09 

This  Work 

319 

5.26 

745 

0.09 

“Reference:  W.  J.  Stevens,  M.  Gardner  and  A.  Karo  (to  be  published). 
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(Indicated  transitions  correspond  to  7525  A) 


Tabular  Data  A-6.19.  Ar  potential  curves 


2.000 

0.4513 

3.3920 

8.3636 

2.100 

-0.5955 

2.5181 

6.8974 

2.200 

-1.0552 

1.6671 

5.4602 

2.300 

-1.2333 

1.0068 

4.2638 

2.400 

-1.3328 

0.5796 

3.3716 

2.500 

-1.3368 

0.2807 

2.6661 

2.600 

-1.2886 

0.0798 

2.1138 

2.700 

-1.2119 

-0.0513 

1.6810 

2.800 

-1.1180 

-0.1356 

1.3591 

2.900 

-1.0172 

-0. 1872 

1.1319 

3.000 

-0.9186 

-0.2191 

0.9439 

3.100 

-0.8252 

-0.2370 

0.7895 

3.200 

-0.7378 

-0.2441 

0.6644 

3.300 

-0.6573 

-0.2437 

0.5635 

3.400 

-0.5845 

-0.2392 

0.4811 

3.500 

-0.5203 

-0.2337 

0.4113 

3.600 

-0.4648 

-0.2286 

0.3526 

3.700 

-0.4177 

-0.2239 

0.3066 

3.800 

-0.3596 

-0.2071 

0.2875 

3.900 

-0.3104 

-0.1911 

0.2779 

4.000 

-0.2696 

-0.1762 

0.2741 

4.100 

-0.2359 

-0.1624 

0.2731 

4.200 

-0.2078 

-0.1496 

0.2716 

4.300 

-0.1841 

-0.1378 

0.2665 

4.400 

-0.1640 

-0.1270 

0.2575 

4.500 

-0.1467 

-0.1169 

0.2461 

4.600 

-0.1316 

-0.1076 

0.2336 

4.700 

-0.1180 

-0.0991 

0.2215 

4.800 

-0.1055 

-0.0913 

0.2111 

4.900 

-0.0937 

-0.0841 

0.2030 

5.000 

-0.0824 

-0.0775 

0.1970 

5.100 

-0.0719 

-0.0714 

0.1927 

5.200 

-0.0620 

-0.0658 

0.1896 

5.300 

-0.0529 

-0.0608 

0.1875 

5.400 

-0.0446 

-0.0561 

0.1858 

5.500 

-0.0371 

-0.0519 

0.1846 

5.600 

-0.0305 

-0.0480 

0.1836 

5.700 

-0.0248 

-0.0445 

0.1828 

5.800 

-0.0202 

-0.0412 

0.1821 

5.900 

-0.0166 

-0.0383 

0.1814 

6.000 

-0.0139 

-0.0356 

0.1806 
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K r£  POTENTIAL  CURVES 
(WITHOUT  SPIN -ORBIT  COUPLING) 


Tabular  Data 
Kr^  without 
hartrees) 

A-6.22.  Total  energies  for  POL 
spin-orbit  coupling.  (Energies 

Cl  calculations 

are  relative  to  - 

on 

5503. 

R 

2Z+ 

U 

2n 

g 

2n 

u 

V 

8 

20.0  a 

o 

- 0.29392 

- 0.29392 

- 0.29392 

- 0.29392 

8.0 

- 0.30201 

- 0.29595 

- 0.29456 

- 0.28924 

7. O' 

- 0.31275 

- 0.29791 

- 0.29333 

- 0.28039 

6.75 

- 0.31659 

- 0.29834 

- 0.29227 

- 0.27646 

6.5 

- 0.32085 

- 0.29855 

- 0.29054 

- 0.27136 

6.25 

- 0.32541 

- 0.29830 

- 0.28779 

- 0.26467 

6.0 

- 0.33006 

- 0.29724 

- 0.28350 

- 0.25582 

5.75 

- 0.33440 

- 0.29481 

- 0.27689 

- 0.24402 

5.5 

- 0.33780 

- 0.29013 

- 0.26683 

- 0.22818 

5.25 

- 0.33927 

- 0.28191 

- 0.25166 

- 0.20679 

5.0 

- 0.33729 

- 0.26818 

- 0.22898 

- 0.17776 

4.75 

- 0.32953 

- 0.24605 

- 0.19536 

- 0.13821 

4.25 

- 0.28098 

- 0.15773 

- 0.07343 

- 0.00992 

3.5 

+ 0.00177 

+ 0.22596 

+ 0.40306 

+ 0.41398 

Tabular  Data  A-6.23.  Total  energies  for  POL  Cl  calculations  in 
Kr+  with  spin-orbit  coupling.  (Energies  are  relative  to  -5503. 
hartrees. 
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R 

I(l/2)u 

II(l/2)u 

I(3/2)u 

1(1/2) g 

II(l/2)g 

I(3/2)k 

20.0  a 

o 

-.30207 

-.27760 

-.30207 

-.30207 

-.27760 

-.30207 

8.0 

-.30813 

-.28027 

-.30271 

-.30007 

-.27695 

-.30410 

7.0 

-.31693 

-.28098 

-.30148 

-.29752 

-.27262 

-.30606 

6.75 

-.32027 

-.28043 

-.30042 

-.29674 

-.26989 

-.30649 

6.5 

-.32404 

-.27918 

-.29869 

-.29583 

-.26592 

-.30670 

6.25 

-.32815 

-.27689 

-.29594 

-.29459 

-.26022 

-.30645 

6.0 

-.33239 

-.27301 

-.29165 

-.29269 

-.25221 

-.30539 

5.75 

-.33636 

-.26676 

-.28504 

-.28957 

-.24109 

-.30296 

5.5 

-.33944 

-.25702 

-.27498 

-.28434 

-.22581 

-.29828 

5.25 

1 

-.34064 

-.24213 

-.25981 

-.27568 

-.20485 

-.29006 

5.0 

-.33842 

-.21969 

-.23713 

-.26160 

-.17617 

-.27633 

4.75 

-.33045 

-.18627 

-.20351 

-.23921 

-.13689 

-.25420 

4.25 

-.28159 

-.06465 

-.08158 

-.15051 

-.00897 

-.16588 

J 3.5 

.00144 

.41154 

.39490 

.23338 

.41471 

.21780 
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Tabular  Data  A-6.24.  Spectroscopic  data  for  the  ground  state  of 
Kr+  with  and  without  spin-orbit  coupling. 


De(eV) 

Re(A) 

a)  (cm  *) 
e 

B (cm  *) 
e 

12E+ 

u 

1.23 

2.77 

183 

0.0522 

I(l/2)u 

1.05 

2.79 

177 

0.0518 

Tabular  Data  A-6.25.  Absorption  data  for  Kr^  with  and  without 
spin-orbit  coupling. 


1 — — __  . . . ' 1 

AE(eV) 

A(nm) 

M(D) 

f 

i2e+  •>  i2n 

u g 

1.57 

790 

0.15 

1.3xl0~4 

i2e+ 

g 

3.59 

346 

5.39 

0.40 

I(l/2)u  - I(3/2)g 

1.36 

911 

0.10 

5.6xl0“5 

- I(l/2)g 

1.75 

708 

1.55 

1.6xlO“2 

♦ 11(1/2)  g 

3.66 

339 

5.20 

0.38 
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XeJ  POTENTIAL  CURVES 
(WITHOUT  SPIN-ORBIT  COUPLING) 
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Graphical  Data  A-6.26.  Xe 
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Tabular  Data  A-6.28.  Total  energies  for  POL  Cl  calculations  on 
Xe*  without  spin-orbit  coupling.  (Energies  are  relative  to  -14463. 
hartrees) 


R 

2.+ 

La 

u 

2n 

8 

2n 

u 

2r+ 

20.0  a 

o 

- 0.18297 

- 0.18296 

- 0.18296 

- 0.18297 

10.0 

- 0.18666 

- 0.18412 

- 0.18366 

- 0.18161 

9.0 

- 0.19120 

- 0.18513 

- 0.18371 

- 0.17862 

8.0 

- 0.20002 

- 0.18671 

- 0.18269 

- 0.17150 

7.75 

- 0.20305 

- 0.18704 

- 0.18189 

- 0.16847 

7.5 

- 0.20636 

- 0.18721 

- 0.18064 

- 0.16463 

7.25 

- 0.20990 

- 0.18708 

- 0.17871 

- 0.15973 

7.0 

- 0.21353 

- 0.18644 

- 0.17582 

- 0.15342 

6.5 

- 0.22006 

- 0.18222 

- 0.16519 

- 0.13470 

6.25 

- 0.22209 

- 0.17748 

- 0.15600 

- 0.12091 

6.0 

- 0.22238 

- 0.16981 

- 0.14274 

- 0.10287 

5.75 

- 0.21980 

- 0.15783 

- 0.12378 

- 0.07921 

5.5 

- 0.21274 

- 0.13960 

- 0.09684 

- 0.04816 

5.0 

- 0.17478 

- 0.07245 

- 0.00544 

+ 0.04660 

4.5 

- 0.07427 

- 0.06921 

+ 0.17314 

+ 0.21206 
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Tabular  Data  A-6.29.  Total  energies  for  POL  Cl  calculations  on 
Xe*  with  spin-orbit  coupling.  (Energies  are  relative  to  -14463. 
hartrees) 


- ; 

R 

I(l/2)u 

II(l/2)u 

I(3/2)u 

I(l/2)g 

II(l/2)g 

1(3/2)* 

20.0 

-.19897 

-.15096 

-.19897 

-.19897 

-.15096 

-.19897 

10.0 

-.20170 

-.15261 

-.19966 

-.19847 

-.15124 

-.20012 

9.0 

-.20495 

-.15395 

-.19971 

-.19699 

-.15075 

-.20113 

8.0 

-.21145 

-.15524 

-.19869 

-.19373 

-.14847 

-.20271 

7.75 

-.21374 

-.15518 

-.19789 

-.19242 

-.14708 

-.20304 

7.5 

-.21627 

-.15472 

-.19664 

-.19078 

-.14505 

-.20321 

7.25 

-.21899 

-.15361 

-.19471 

-.18873 

-.14207 

-.20308 

7.0 

-.22179 

-.15155 

-.19182 

-.18610 

-.13775 

-.20244 

6.5 

-.22666 

-.14257 

-.18119 

-.17803 

-.12288 

-.19822 

6.25 

-.22791 

-.13417 

-.17200 

-.17158 

-.11080 

-.19348 

6.0 

-.22746 

-.12165 

-.15874 

-.16240 

-.09426 

-.18581 

5.75 

-.22419 

-.10337 

-.13978 

-.14915 

-.07188 

-.17383 

5.5 

-.21651 

-.07706 

-.11284 

-.12986 

-.04189 

-.15560 

5.0 

-.17750 

+.01328 

-.02144 

-.06119 

+.05135 

-.08845 

4.5 

-.07620 

+.19107 

+.15713 

+.08129 

+.21597 

+ .05320 
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Tabular  Data  A-6.30.  Spectroscopic  data  for  the  ground  state  of 
Xe„  with  and  without  spin-orbit  coupling. 


De(eV) 

Re(A) 

u)  (cm 
e 

B^Ccm  2) 

12E+ 

U 

1.08 

3.22 

123 

0.0246 

I(l/2)u 

0.79 

3.27 

112 

0.0239 

Tabular  Data  A-6.31.  Absorption  data  for  Xe*  with  and  without 
spin-orbit  coupling.  1 


AE(eV) 

X(nm) 

M(D) 

f 

12Z+  -* 
u 

i2n 

g 

1.31 

948 

0.18 

1.6xl0'4 

-► 

12Z+ 

g 

3.02 

410 

5.97 

0.41 

I(l/2)u 

- I(3/2)g 

0.99 

1250 

0.12 

5.3xlO-5 

- I (3-/2) g 

1.60 

775 

3.73 

8.4xl0-2 

II(l/2)g 


3.31 


375 


4.87 


0.30 
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NUCLEAR  SEPARATION  (A) 

Estimated  jxitcntial  curves  for  Xc,+  ion  correlating 
with  lowest  states  of  Xc-+Xe,  and  for  lowest  slates  of  Xe> 
molecule. 

Graphical  Data  A-6.32.  Xe  + 
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Tabular  Data  A-6.33.  Comparison  of  theoretical  and  experimental 
determinations  of  the  dissociation  energy  for  the  I(l/2)u  states 

of  Arj,  Kr*  and  Xe2«  (Energies  are  in  eV) . 


Photoionization 


Rainbow  Scattering 


Ar„ 


Kr 


Xe 


This  Work 

a 

b 

X 

A 

X 

_f 

1.19 

1.23 

1.049 

1.25 

1.34 

1.3 

1.05 

1.15 

0.995 

1.13 

1.21 

0.79 

1.03 

0.968 

0.99 

0.97 

0.99 
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Tabular  Data  A-6.36.  Energy  parameters 


Asymptotic  parameters. 


* 

Atomic  parameters  for  asymptotic  interactions 

/ 

a (bohr4) 

/ (eV)  <f* *>„r  (bohr*) 

He* 

0.281* 

54.403' 

0.75“ 

He 

1.40“ 

24.581' 

1 . 185** 

Se* 

... 

41.07' 

0.982“ 

Se 

2.663' 

21.559* 

1.228“ 

At* 

... 

27.62' 

2.860“ 

At 

1 1 . 08b 

15.755' 

3.309* 

F 

... 

17.418' 

1.543“ 

F- 

5. 122d 

3.448* 

2.210“ 

Cl 

10.4(<r)* 

ll.O(a-)* 

13.01' 

4.058“ 

ci- 

20.07<* 

3.013* 

5.108“ 

B. 

Asymptotic  expansion  parameters' 
U(R)  = A,/R'+At/R*+At/R? 

A, 

Ai 

C' 

He.* 

o' 

0.70 

0 367 

Ne,* 

0 

1.33 

... 

Ar,* 

0 

5.54 

... 

Frr 

-0.62 

... 

... 

n 

+0.31 

... 

... 

ci.- 2 

-1.62 

5.1 

32.5 

n 

+0.81 

5.5 

34  4 

• Handbook  of  Pky*ict,  edited  by  E.  U.  Condon  and  H.  Odishaw 
McGraw-Hill.  New  York.  1967). 

f>.  R.  Johnston.  G J.  Ouderinans.  a..J  R.  H.  Cole.  J.  Chem.  Phys. 
,J.  IMO  (I960). 

' A.  Dalgarno  and  A.  Kingston.  Proc.  Roy.  Soc.  (London)  A259,  424 
l^D. 

4 J-  R.  Tessman.  A.  H.  Kahn,  and  W.  Shockley.  Phys.  Rev.  92,  870 
••*5.4). 

**rom  unpublished  atomic  SCF  calculations  by  T.  L.  Gilbert.  SCF 
Mutations  for  Cl"  with  comparable  basis  sets  gave  a - 17.7.  SCF  calcu- 
for  Cl"»«  gave  or, -15.6  and  a, -13.9. 

#C*  K-  Moore.  Natl.  Bur*.  Sid.  (U.S.)  Circ.  467,  Vol.  3 (1958). 
k R s-  B«"y  and  C.  W.  Reimann.  J.  Chem.  Phys.  38,  1540  (1963). 

P.  5.  Bagus.  Phys.  Rev.  139,  A619  (1965).  Values  are  for  the  outermost 
""i.ied  orbital. 

* u”jl*  *re  hartree  bohr*.  1 hartree -2  Ry -27.212  eV.  1 bohr- 
'*177  A 

wher#  0 is  the  quadrupote  polarizability.  Quad  ru  pole 
abilities  are  not  available. 

Potential  curves  for  Cl,. 

R 

(bohr) 

U(R)=Ec„(R) 

SCF  “ Exptl' 

(hartree)  (hartree) 

far  r(  R) 
<*)+«'* 

(hartree) 

3.0 

• • • 

0.1744 

... 

3.3 

... 

0.0741 

... 

3.6 

0.0381 

0.0433 

-0.0019 

3.756 

0.0333, 

0.0404 

0 

3.8 

0.0332, 

0 0406 

-0.0002 

3.9 

0.0346 

0.0423 

-0.0006 

4.0 

... 

0.0453 

... 

4.2 

0.0477 

0.0542 

+0.0006 

4.5 

... 

0.0703 

... 

5.0 

... 

0.0952 

... 

6.0 

... 

0. 1219 

7.0 

0.1296 

... 

8.0 

... 

0.1316 

• • • 

9.0 

... 

0. 1328 

... 

00 

... 

0. 1328 

... 

• The  comparison  was  adjusted  so  that  the  experimental  and  calculated 
curves  coincide  at  R— 3.756  bohr  by  choosing  SU  — +0.0071  hartree. 

b The  limiting  SCF  value  Ecit-(® ) -2£ci-w*  was  used.  The  calcula- 
tion of  Eci-l/t  was  done  with  a heteropolar  diatomic  program  which  allowed 
orbital  polarization,  and  gave  Eci~,/* " —459.51018  for  an  optimized 
(5.  4)  basis  set. 

• Experimental  values  were  obtained  using  the  Hulbert-Hirschfelder 
potential  function 

£cit(^)“£ci»(^)-Ol(l-e-«)«+czV-t*(l+6x)|. 

where  x -20(R-R,)/R,.  with  the  constants  D -0.09240  hartree.  20  - 
3.9779.  R*  -3.7564.  c -0.1463  and  b - 1.054  obtained  from  the  data  of 
A.  E.  Douglas.  C.  K.  Moeller,  and  B.  P.  Stoicheff.  Can.  J.  Phy*.  41,  1174 
(1963). 
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Potential-energy  curves  (rotationless)  for  selected  electronic  states 
of  He2 . Energy  in  cm-1  is  based  on  N-0,  v«0  of  the  a3Eu+  state,  while 
energy  in  electron  volts  is  based  on  the  lowest  level  in  X2EU+  of  He2+. 
When  practical,  the  observed  vibrational  levels  are  indicated  by 
horizontal  lines  at  the  edges  of  their  appropriate  curves. 


Graphical  Data.  A-7.1.  Hej 
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Graphical  Data  A-7.3.  He-  potential  curves  of  Z symmetry 
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Graphical  Data  A-7.5.  He-  potential  curves  at  "’ll  symmetry. 


Tabular  Data  A-7.12.  Ground-state  energies  of  Ne£. 
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All  energies  in  a.u. 

bFrom  Ref.  T.  L.  Gilbert  and  A.  C.  Wahl,  J.  Chem.  Phys.  47,  3425,  (1967). 

Q ' 

Evaluated  from  the  expo£>er«rial  - spline  - Morse  - spline  - van  der  Waals 
parameters  given  in  J.  M.  Farrar,  T.  P.  Shafer  and  Y.  T.  Lee,  in 
Transport  Phenomena,  AIP  Conference  Proceedings  No.  11,  edited  by 
J.  Kestin  (AIP,  New  York,  1973)  p.  279. 
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Tabular  Data  A-7.13.  Potential  energies  (relative  to  the  separated-atom 
limit)  of  Ne.  before  apin-orbit  coupling.3 


Tabular  Data  A-7.14.  Potential  energies  of  excited  Ne9  Including  spin-orbit  effects. 


Tabular  Data  A-7.15.  Equilibrium  postition,  Re»  dissociation  energy, 

D , position  of  potential  maximum,  R , height  of  barrier,  V , and 
e max  max 

D + V for  all  the  true  bound  states  (excluding  states  bound  by 
6 max 

dispersion  forces  only) . 
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Tabular  Data  A- 7. 16. 


1 3 

(a)  Polarlzlbilities  of  * Pj  states  of  atomic 

neon;  a^j  has  been  adjusted  by  a one-electron 
sum  rule. 


State 

a [10  3^cm3]  aadj  aexp 

Ne(XSn) 
Ne(3?  ) 
Ne(3P1) 
Ne(3PQ) 
Ne(1P1) 

0.39463 

23.3  28.3  27. 6b 

25.3  29.2 

28.8  29.2 

31.2  33.4 

aRef : R.  R.  Teachout  and  R.  T.  Pack,  At.  Data  2»  195  (1971) 

Ref:  E.  J.  Robinson,  J.  Levine,  and  B.  Bederson,  Phys.  Rev  146. 
95  (1966).  


(b)  Matrix  of  van  der  Waals  coefficients  (in  a.u.) 
determined  using  adjusted  polarizibilities. 
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A value  -6.55  +0.87  is  given  by  G.  Starkschall  and  R.  G.  Gordon, 
J.  Chem.  Phys.  54,  663  (1971). 
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Tabular  Data  A-7.17.  Vibrational  levels  of  Ne.^E ' . (Franck-Condon 

2 u 

overlaps  with  the  vibrational  levels  of  the  ground  state  are  also 
given).  (The  levels  below  the  dashed  line  are  resonant  states 
above  the  dissociation  limit). 
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Tabular  Data  A-7.18.  Vibrational  levels  and  radiative  lifetimes 
for  Ne2  (The  levels  below  the  dashed  line  are  resonant  states) . 
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Tabular  Data  A-7.20.  Vibrational  levels  and  radiative  lifetimes  for  Ne 
(The  levels  below  the  dashed  line  are  resonant  states) . 


1.79  x 10  ° cm 


Tabular  Data  A-7-21.  Calculated  dipole  transition  matrix  elements 


Tabular  Data.  A-7.22.  Comparison  of  the  HF  Interaction  energies  from  the 
electron  gas  model  (GKR)  and  ab  Initio  SCF  calculations  for  Ar2»  Kr2» 
and  Xe.  (Energies  in  hartrees) . 
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Graphical  Data.  A-7.24.  Comparison  of  the  nt  interaction  energy  for  Kr2 
determined  by  the  GKR  electron  gas  model  and  ab  initio  SCF 
calculations. 
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■raphlcal  Data.  A-7.25.  Comparison  of  the  HF  interaction  energy  for 


**2f*rg)  *•  determined  by  the  GKR  electron  gas  model  and  ab  initio 
9CF  calculation. 
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Graphical  Data  A-7.26.  Potential  curves  for  the  3E  and 

\ 8tates  of  Ar*.  “ MCGCF  approximation,  VI 

approximation,  . . . Morse  functional  form  chosen  to  re- 
produce the  spectrosopic  constants  of  the  Cl  curve.  • are 
points  calculated  by  Stevens  without  spin-orbit  coupling. 
Each  curve  has  been  plotted  with  respect  to  its  own 
asymptote. 


Tabular  Data  A-7.27. 
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Tabular  Data.  A-7.28.  Spectroscopic  constants  of  Ar„  for  the 

3 + 2 

Z Cl  calculation, 
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A7d7T  K 


NUCLEAR  SEPARATION  (A) 


Graphical  Data.  A-7.30.  Estimated  potential  curves  for  some  of  the 
lower  excited  states  (Rydberg  states)  of  Xe2. 
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Tabular  Data.  A-7.31. 

Calculated  Interatomic  potential  curves  for  the  noble  gas  pairs.  At  the  bottom  the  calculated  properties  are  compared 
i obtained  in  recent  low-energy  crossed  molecular  beam  experiments  (in  parentheses). 
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probabilities  and  cross  sections  for  excitation  of  Xe  II,"  Opt. 
Spectrosc.  707  (1975). 
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Tabular  Data  A-8.1 


Lifetimes  of  He  states  (n  = 3,  4 and  5).  The  wavelength  of  the  observed  transition 
is  given  in  the  first  column.  Theoretical  lifetimes  are  calculated  from  the  work  of  Wiese 
ft  al  (1966).  The  table  is  divided  into  two  parts.  («)  singlet  states  and  ( b ) triplet  states. 
A list  of  references  for  the  sources  quoted  is  given  after  the  table. 

(a)  Singlet  states. 


Wave- 

length 

W 

State 

Lifetime  (ns) 

Source 

Theory 

6x 

(%) 

This 

work 

Sx 

(%> 

Other 

authors 

6x 

c/j 

728T 

3'S 

55  2 ± 17 

3 

503  ± 2-3 

46 

54  1 ± 06 

ii 

KB  63 

55  ±6 

u 

BKM  65 

60  ± 3 • 

5 

OV  68 

55  9 ± 2 

36 

TF  75 

5047 

4'S 

89  8 ± 4-0 

4-5 

77  9 ± 3 5 

45 

87  + 1-5 

1-7 

KB  63 

84  ± 9 

11 

BKM  65 

97  ± 2 

21 

PH  65 

83  + 5 

60 

BK  67 

95  ± 4 

5-3 

OV  68. 

89  ± 3 

34 

JF  70 

87  ± 15 

1-7 

CBHG  70 

75  ± 1 

1-3 

IR  71 

88  ± 1 

11 

KOSB  73 

89  ± 3 

3-4 

TF  75 

4437 

5'S 

150  ± 12 

82 

109  ± 16 

15 

133  ± 18 

13 

KB  63 

141 

BKM  65 

144  + 3 

21 

PH  65 

115  + 5 

43 

OV  68 

118  + 8 

6-8 

AJS  69 

145  ± 6 

4 1 

KOSB  73 

160  ± 3 

19 

TF  75 

501  5 

3'P 

1-725  ±0017 

10 

1 70  ± 0-04 

2-3 

£15 

BD  59 

72' ± 1 

1-4 

PH  65 

66  ± 7 

11 

BK  67 

9±  1 

11 

OV  68 

60  ± 20 

33 

AJS  69 

1 78  ±010 

56 

MB  69 

173  ±011 

63 

BL  71 

1-80  + 01 

56 

CDDG  71 

1-72  ± 01 

58 

KKC  75 

1 74  ± 002 

115 

ACL  MS  76 

1-7225  ± 00046  027 

ACL  MM  76 

194 


Tabular  Data  A-8.2 


Lifetime  measurements  of  He  t 


(u)  Singlet  states  (continued). 


Wave- 

length 

(nm) 

State 

Lifetime  (ns) 

Source 

Theory 

<5t 

(%) 

This 

work 

Sr 

r„> 

Other 

authors 

(M 

396-4 

4'P 

3-92  ± an 

2-9 

405  ± ai2 

30 

ii  ± i 

91 

FNPP  63 

3-7  ± a4 

ia8 

MB  69 

4 02  ± ai 

2-5 

ACL  MS  76 

6678 

3‘D 

1567  ± a47 

30 

15  2 ± as 

33 

16  5 ± 2 

12 

DPPB  60 

16  5 ± 1 

61 

FNPP  63 

16  ± 4 

25 

KB  63 

18  ± 5 

28 

FHJC  64 

16  ± 2 

12 

PH  65 

16  ± 1 

62 

OV  68 

12  ± 3 

25 

D 69 

2a5  ±a9 

44 

DW  69 

15  5 ± 5 

32 

AJS  69 

13-4  ± as 

3-7 

IR  71 

2a3  ± 3 

15 

CBD  72 

i5-8  ± ai 

a63 

B 72 

17  ±2 

12 

KKC  73 

20  ± 1 

5 

TF  75 

492-1 

4‘D. 

306  ± 12 

34 

32  9 ± 2-3 

7 

39-1  ± 2 

51 

DPPB  60 

30±5 

17 

KB  63 

38  ± 1 

26 

FNPP  63 

35  ± 4 

11 

FHJC  64 

47  ±5 

11 

PH  65 

39  ± 5 

13 

BK  67 

30±  2 

67 

OV  68 

41  ± 5 

12 

D 69 

38  ± 2 

5-3 

DW  69 

38  ± 5 

13 

AJS  69 

34  ± 1 

29 

CBHO  70 

38  ± 3 

7-9 

MBBBLBB  70 

41  ±3 

73 

JF  70 

33-6  ± 3 

89 

CBD  72 

39  2 + 08 

2 

B 72 

38  4 + 21 

5-5 

BJ  73 

33  + 7 

21 

KKC  73 

41  + 3 

73 

TF  75 

4387 

5‘D 

< 72  0 ± 2 3 

3-3 

63-5  ± 5 7 

90 

49  1 ± 2 

4.1 

DPPB  60 

46  ± 3 

65 

KB  63 

79  ± 6 

76 

PH  65 

63  ± 9 

14 

BK  67 

49  ± 5 

10 

OV  68 

49  ± 5 

10 

D 69 

68  0 ±7 

10 

DW  69 

46  ± 3 

6 5 

AJS  69 

66  ± 4 

61 

MBBBLBB  70 

71-9  ± 18 

2-5 

B 72 

74-4  ± 5 

67 

CBD  72 

80  + 40 

50 

KKC  73 

52  ± 6 

11 

YHM  73 

56  ± 10 

18 

TF  75 

4'F 

72-5  ± 7-2 

10 

80  ± 6 

75 

— 
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Tabular  Data  A-8.3.  Triplet  states  of  He. 


Wave- 

length 

Inm) 

Stale 

Lifetime  (ns) 

Theory 

c5t 

C;) 

This 

work 

Sr 

Co) 

Other 

authors 

C$T 

C.) 

Source 

706  5 

3JS 

36  0 ± 11 

3 

35  1 ± 1-3 

3-7 

408  + 08 

2 

KB  63 

47  ± 

64 

OV  68 

57  ± 1 

1-8 

TF  75 

471  3 

4JS 

58-4  ± 4-2 

7-3 

620  ± 2-7 

44 

67-5  ± 1 

1-5 

HWR  56 

77-5  ± 4 

5-2 

BD  59 

59  ±6 

10 

FHJC  64 

64  5 + 4 

62 

BKM  65 

68  + 1 

1-5 

PH  65 

65  ±4 

62 

BK  67 

69  ± 3 

43 

OV  68 

63-5  + 1-2 

1-9 

IR  71 

59  2 + 06 

1 

KOSB  73 

62  ± 3 

48 

TF  75 

4121 

5JS 

1110  ± 6 7 

61 

100  ± 15 

15 

113  ±4 

35 

PH  65 

99  ± 6 

61 

BK  67 

106  ± 5 

46 

OV  68 

til  ± 1 

09 

KOSB  73 

12  9 ± 20 

17 

TF  75 

3889 

3*P 

94-71  ± 090 

095 

89  ± 5 

56 

115  ± 5 

43 

HWR  56 

106  ± 5 

4-7 

BD  59 

95  8 ± 60 

63 

DPPB  60 

91  ±8 

88 

FHJC  64 

115  ± 2 

1-7 

PH  65 

100  ± 3 

3 

BK  67 

115  ± 5 

43 

OV  68 

89  ± 5 

56 

D 69 

93  ± 12 

13 

MBBBLBB  70 

122  ± 5 

43 

JF  70 

111  ± 5 

4-5 

CBHG  70 

98  ± 4-3 

4-4 

B 72 

89  ± 10 

11 

S 72 

122  ± 5 

41 

TF  75 

587-6 

33D 

U 16  ± 042 

3 

14-25  ± 034 

2-4 

10  ±5 

50 

HWR  56 

25  ±5 

20 

FHJC  64 

13  ±3 

23 

DGJ  65 

15  ±2 

13 

PH  65 

13  ±2 

15 

OV  68 

17  ±3 

18 

D 69 

13-3  ± 15 

11 

MBBBLBB  70 

14  ± 3 

2 

CBHG  70 

13  4 ± 05 

3-7 

IR  71 

19  4 ± 05 

26 

TF  75 

447  1 

4JD 

31-5  ± 10 

3-2 

32-1  ± 13 

4 

29  ± 3 

10 

DGJ  65 

37  ± 6 

16 

PH  65 

23  ±2 

8-7 

OV  68 

42  ± 4 

95 

D 69 

27  ± 3 

11 

MBBBLBB  70 

32  ± 1 

31 

CBHG  70 

35-5  + 12 

3-4 

B 72 

28  ± 10 

36 

TF  75 

4026 

55D 

<60  9 ± 19 

3 

57-2  ± 2-3 

4- 

42  ±5 

12 

DGJ  65 

35  ±3 

86 

OV  68 

59  ± 8 

14 

D 69 

55  ± 5 

61 

MBBBLBB  70 

132 

TF  75 

4JF 

71-9  ± 7-2 

10 

71  6 ± 3 

4 2 
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Radiation  lifetime*  tin  net)  of  Ihc  lewis  of  the  argon  Tabular  Data  A-8.8.  Ufebmeaof  nsleveh  in  Ar  atom  (X  ICTVci 
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Tabular  Data  A-8.9. 


Values  of  reaper.  (n**c)  for  levels  of  the  argon  atom 


References  In  Table; 
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Table  taken  from  "Radiation  lifetimes  of  levels  of  the  argon  atom," 
Opt.  Spectros.  38,234  P.  F.  Gruzdev  and  A.  V.  Loginov  (1975). 


Tabular  Data 


A-8.10 


Lifetimes  of  levels  in  the  Kr  I atom  (in  nsec) 


Level 

rjC 

TMC 

Level 

fSC 

n*c 

*fV 

»» 

U 

Trv 

'V 

it* 

3.38 

3.79 

4.26 

3.81 

4*7 

528 

522 

175 

420 

it. 

3.22 

3.61 

406 

345 

4ij 

596 

588 

533 

553 

2 Pi. 

27.4 

35.5 

46.0 

29.7 

4.V 

624 

625 

579 

512 

if. 

20.7 

26.8 

34.7 

25.9 

4*; 

1.70 

1.63 

1.97 

1.35 

ip. 

23.8 

30.9 

40.1 

29.5 

»«. 

82.2 

92.0 

103 

89.4 

20.9 

27.1 

35.1 

29.7 

3», 

17.4 

20.5 

23.7 

10.1 

18.1 

23.4 

30.3 

26.3 

3*. 

81.4 

91.0 

102 

87.4 

u. 

16.8 

21.8 

28.3 

18.9 

3*. 

25.0 

29.1 

33.7 

if. 

214 

28.0 

36.4 

28.8 

23.8 

30.1 

37.9 

37.3 

2pt 

21.2 

27.5 

35.6 

26.9 

42, 

34.2 

43.1 

54.2 

42.0 

2pt 

19.3 

25.0 

32.4 

28.6 

30.8 

38.9 

48.9 

40.5 

2 pt 

17.2 

22.3 

28.9 

19.0 

27.4 

34.6 

43.6 

39.3 

34 

124 

108 

C4.6 

118 

4f, 

30.8 

38.9 

48.9 

41.0 

3d, 

37.5 

37.3 

36.8 

44.5 

4YV 

41.2 

51.9 

65.2 

44.5 

3d, 

125 

109 

95.2 

114 

4^, 

35.7 

45.0 

, 56.6 

42.8 

Sd, 

113 

98.4 

85.8 

10O 

4W, 

36.5 

46.0 

57.8 

42.3 

3d, 

114 

99.6 

86.9 

116 

*v. 

28.9 

3C5 

4C.1 

40.3 

3d, 

1.23 

1.30 

1.38 

1.87 

45, 

39.0 

49.7 

62.9 

43.9 

103 

90.1 

78.6 

*9.» 

45. 

29.5 

37.3 

47.0 

40.3 

3d[ 

102 

886 

77.2 

87.9 

4 V, 

31.9 

40.2 

50.6 

41.3 

S.+ 

104 

90.8 

79.2 

•8.0 

4pj* 

173 

206 

242 

299 

i.1; 

111 

96.5 

*4.1 

101 

*Pt 

175 

207 

243 

246 

111 

97.0 

84.5 

102 

Ip* 

198 

234 

274 

251 

3 J 

084 

0.89 

0.94 

4 Pi 

221 

261 

305 

218 

2h 

41.6 

47.3 

53.3 

47.5 

4p, 

185 

218 

256 

213 

2t« 

7.75 

9.04 

10.5 

17.7 

*p. 

262 

304 

349 

2a, 

41.5 

46.8 

52.8 

52.6 

<Pa 

185 

218 

255 

242 

2a, 

10.6 

12.3 

t4.4 

4p, 

184 

216 

252 

220 

Vi, 

846 

104 

127 

122 

*f. 

171 

20t 

234 

215 

80.6 

98.4 

119 

107 

4p  1 

184 

211 

238 

91.1 

111 

135 

117 

Sdt 

556 

786 

425 

3* 

95.1 

115 

139 

109 

M, 

129 

143 

157 

172 

79.8 

968 

117 

99  7 

W, 

569 

669 

762 

086 

92.5 

111 

131 

54.1 

M. 

544 

628 

6149 

619 

3p* 

80 .8 

106 

138 

113 

M, 

555 

646 

726 

425 

3/5* 

84.4 

103 

124 

105 

54. 

2.91 

3.15 

3.41 

2.37 

Jn! 

80.2 

97.3 

117 

108 

3} 

MO 

609 

659 

538 

3p, 

83.2 

99.3 

117 

52.7 

533 

597 

610 

551 

S; 

800 

873 

870 

203 

514 

578 

621 

382 

8T.3 

927 

98.6 

£»' 

542 

618 

677 

C03 

739 

760 

723 

515 

u. 

544 

628 

638 

€12 

039 

635 

686 

467 

5. 

3.57 

3.86 

4.17 

1.05 

4d, 

674 

678 

633 

3iu 

4h 

151 

167 

1-5 

106  I 

1.81 

1.95 

2 09 

1.68 

33.2 

38.8 

45.4 

152 

mV 

5C4 

540 

4fri 

471 

4*, 

150 

166 

m 

97.4 

m; 

542 

514 

457 

52* 

48.5 

56.3 

653 

fr:  obtained  from  transition  probabilities  calculated 
length  formula. 

Ty t obtained  from  transition  probabilities  calculated 
velocity  formula. 

Trv  " <Vv),S’  8eometrlc  ®ean* 

SC:  single-configuration  approximation. 

MC:  multiple-configuration  approximation. 


using  dipole 


using  dipole 


Reference:  "Radiation  lifetimes 
P.  F.  Grugder  and  A.  L.  Loginov, 


of  levels  of  the  Kr  I atom" 
Opt.  Spectros.  38,611  (1975). 


Reference: 
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Tabular  Data  A-8.11. 


Level  radiation  lifetimes  Un  naec)  of  the  spectrum 
of  the  xenon  atom. 


U«tl 

r„. 

Level 

I _ 

V 

V 

*» 

1 

2 

9 

4 

1 

1 

s 

1 

4 

* 

]«• 

4.08 

4 59 

5 18 

416 

v- 

97.2 

102 

90.1 

93  4 

1*. 

3.64 

4 It 

4.65 

4 29 

4*J 

1.04 

1 14 

1.22 

1 19 

29.7 

43.5 

63.6 

32  5 

4.;* 

105 

120 

129 

965 

ip. 

28.6 

41.8 

61.1 

39.5 

4*  " 

I0G 

120 

125 

116 

2p* 

22  0 

322 

47.1 

29.9 

»*. 

92  3 

102 

113 

tu* 

2* 

24.6 

36. 0 

52  G 

41.5 

a.. 

19.4 

23.1 

27.5 

66  0 

192 

28.1 

41.2 

34.5 

34 

87  6 

96.7 

IOC 

91.6 

ip. 

20.5 

29.9 

43.7 

24.5 

3? 

24.7 

293 

34  5 

17.5 

254 

36.8 

39  2 

4 M 

14.8 

19.0 

24  2 

309 

*P> 

16  5 

24  0 

34  4 

26  5 

4 1*D% 

25.9 

33.1 

42.0 

345 

ip. 

14.9 

21.6 

308 

31.9 

4 l‘C, 

23.9 

30.4 

38.6 

32.8 

14.1 

20.0 

27.5 

184 

4 f'Ct 

19.1 

24.5 

31.1 

32.4 

6490 

5765 

3910 

2670 

4 fF, 

22.8 

29.1 

369 

34  1 

56  3 

605 

64.7 

_ 

4 i*Dt 

35.8 

45.7 

58.0 

37.4 

2910 

1980 

1340 

2410 

it'F, 

28.8 

36  7 

46.5 

34.7 

1240 

841 

571 

899 

4/*F4 

30.8 

39.2 

49.7 

36.0 

a* 

1610 

1093 

742 

1559 

4/»0, 

198 

25.4 

32.3 

33.0 

083 

089 

0 96 

1.69 

4/V, 

25.8 

34.1 

44.0 

37  0 

661 

449 

305 

452 

4 f«C, 

20.7 

26.5 

33.7 

32  7 

513 

3 '.8 

237 

343 

4 l‘C, 

24.8 

31.7 

403 

34  3 

2*i 

384 

261 

177 

20C 

196 

221 

243 

24? 

0 30 

0.32 

0.35 

» « 
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"Radiation  lifetimes  of  xenon  levels" 

A.  V.  Loginov  and  P.  F.  Gruzdev:  Opt.  Spectros.  41, 

104  (1976) 
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Tabular  Data  A-8.11 
(Concluded) 


Comparison  ot  and  t.„  for  the  levels  of  the 

xenon  atom. 
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Tabular  Data  A- 8. 12 


Transition  probabilities  and  excitation  cross  sections  of  Xe  It 
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Tabular  Data  A-8.13 


2?1q..^p[1/2]1  41.7  43.3  32.4 


Tabular  Data  A-8.14 


2p10,  SpIx/2\1  <10. 0 <»0.0 


T:  Theory, 


E:  Experiment 


(This  refers  to  both  A-8.13.  and  A-8.14) 
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Tabular  Data  A-8.15 


Compilation  of  lifetimes  and  oscillator  strengths  for  the  two  transitions  ’P,  - 'S0  and  ' Pi  - 1 S0  in  krypton 
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Tabular  Data  A-8.16.  Molecular  xenon  fluorescence  lifetimes 
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A-9.  ELECTRON  AFFINITIES 
CONTENTS 

Tabular  Data  A-9.1.  (as  listed  below)  . ...  . 
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Tabular  Data.  A-9,1.  Electron  Affinities  (in  eV) 


He 

< 

0 

Ne 

< 

0 

Ar 

< 

0 

Kr 

< 

0 

Xe 

< 

0 

F 

3.399  (3) 

Cl 

3.615  (4) 

Br 

3.364  (4) 

I 

3.061  (4) 

F2 

3.08  ± 0.1 

ci2 

2.38  ± 0.1 

Br2 

2.51  t 0.1 

l2 

2.58  ± 0.1 

IBr 

2.7  ± 0.2 

IC1 

1.43 

Recommended  values  from  Table  10  In  the  critical 
review:  H.  Hotop  and  W.C.  Llneberger,  "Binding 
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Edition)  Cambridge  Unlv.  Press,  Cambridge  (1976),  pg.  166  and  E.W.  McDaniel, 
"Collision  Phenomena  in  Ionized  Gases,"  Wiley,  New  York  (1964),  pg.  379. 
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Tabular  Data  A-9.2. 

Molecular  xenon  fluorescence  lifetimes  reported  in  the  literature 
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a(3Iu)lu 

3.2 

[3] 

A(1£U+)0U+ 

4.2 

10-3 

[3] 

„ * 

Kr2 

1.7 

Ul 
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Tabulated  Data  A-10.1*  Recommended  values  for  the  polarizabilities  of 
ground  state  atoms  in  units  of  10“24Cm3. 


Atom 

Average 

Polarizability 

He 

0.204956 

F 

0.557 

Ne 

0.395 

From  T.M.  Miller  and  B.  Bederson,  "Atomic 
and  Molecular  Polarizabilities-A  Review 

Cl 

2.18 

of  Recent  Advances,"  in  "Advances  in  Atomic 

Ar 

1.64 

and  Molecular  Physics"  (D.R.  Bates  and  B. 
Bederson,  Eds.),  Vol.  13,  Academic  Press, 

Br 

2.7 

New  York  (1977). 

Kr 

2.48 

I 

3.9 

Xe 

4.04 

Tabulated  Data  A-10.2.  Measured  values  of  the  polarizabilities 

a (m  -1)  and  a (m  -2)  of  the  3P2  metastable  noble  gas  atoms 
zz  j zz  J 

in  units  of  10-2l,cm3). 


* a (1)  28.4  ± 0.6 
Ne  zz 

a (2)  26.7  ± 0.5 
zz 


* o(l)  49.5  ± 1.0 

a (2)  44.7  ± 0.9 

zz 

_ * a (1)  52.7  ± 1.0 

Kr  zz 

a (2)  46.8  ± 0.9 

zz 


Xe*“zz(1)  66.6  ± 1.3 

a (2)  57.4  ± 1.1 

ZZ 

Data  from  R.W.  Molof,  H.L.  Schwartz. 

T.M.  Miller,  and  B.  Bederson,  Phys. 

Rev.  A.  10,  1131  (1974).  (See  pages  43-47 
of  the  review  by  Miller  and  Bederson). 

3 - i 

For  data  on  2 S and  2 S metastable  helium,  see 
lo 

D.A.  Crosby  and  J.C.  Zorn,  Phys.  16,  488  (1977). 
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Tabulated  Data  A-10.3.  Polarizabilities  of  Atoms. 

Quadrupole  Dipole 

Polarizability  Hyperpolarizability 

Atom aq  (&^) y (10  ^ e.s.u.) 


He 

0.101 

Ne 

0.370 

Ar 

2.19 

H 

0.622 

Li 

60.0 

Na 

74.8 

K 

212 

Rb 

261 

Cs 

441 

Be 

9.1 

The  above  values  are  from  "The  Mobility  and  Diffusion  of 
Ions  in  Gases'1  by  E.  W.  McDaniel  and  E.  A.  Mason, 

Wiley,  N.Y. , (1973),  Appendix  II  except  for  *"The 
Numerical  Determination  of  Dipole  Hyperpolarlz- 
abllitles",  R.  F.  Stewart,  Mol.  Phys.  27 
(No.  3)  pp.  779-783  (1974). 

Tabulated  Data  A-10.A.  Computed  dynamic  polarizabilities  for  He. 


mm 

■9 

0.00 

00 

1.322 

0.02 

3629 

1.344 

0.04 

1814 

1.417 

0.06 

1210 

1.562 

0.08 

907 

1.842 

0.10 

726 

2.482 

0.120 

605 

5.841 

0.1269 

571.8 

2555.06 

0.128 

567 

-21.245 

Above  from  "Fully  Coupled  Hartree-Fock  calculations 
of  the  Refractive  Index,  Dynamic  Polarizability, 
and  Verdet  Coefficients  of  He,  Be,  end  Ne", 

V.G.  Kaveeschwsr,  K.  T.  Chung;  and  R.P.  Hurst, 

Phys.  Rev.  172.  No.  35, pp.  35-44  (1968).  Note: 
the  sbove  values  should  be  Increased  by 
5X  to  obtain  approximate  experimental  values. 


! 

k 
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Tabulated  Data  A-10.5.  Computed  dynamic  polarizability  for  Ne. 


frequency 

(a.u) 

Wavelength 

(X) 

Dynamic 

Polarizability 

(a.u.) 

0.0 

00 

2.3820 

0.01 

7257 

2.3901 

0.02 

3629 

2.4150 

0.03 

2419 

2.4581 

0.04 

1814 

2.5227 

0.05 

1451 

2.6249 

0.06 

1209 

2.7408 

0.07 

1037 

2.9194 

0.08 

907 

3.1815 

0.09 

806 

3.6009 

0.10 

726 

4.4069 

0.11 

660 

6.9338 

0.112 

648 

8.3794 

0.114 

637 

11.2165 

0.116 

626 

19.5271 

0.118 

615 

832.1 

0.120 

605 

-144.5059 

From  Kaveeschwar,  Chung,  and  HursC  (1968) 

NOTE:  The  above  values  should  be  Increased  by  10%  to 
obtain  approximate  experimental  values. 
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Tabular  Data  A-10.6.  Dynamic  polarizability  for  the  2^S  state  of  He 
for  frequencies  up  to  the  second  excitation  energy  (in  a3) . 


w x 102 

Rigorous  bounds 

Variational 

Lower 

Estimates 

Upper 

0.0 

316.24  ±0.78 

315.61 

316.83 

0.50 

320.63  ±0.79 

319.99 

321.23 

1.00 

334.59  ±0.83 

333.91 

335.21 

1.50 

360.75  ±0.90 

360.10 

361.53 

2.00 

405.65  ±1.03 

404.79 

406.43 

2.50 

483.34  ±1.25 

482.29 

484.29 

3.00 

632.82  ±1.70 

631.39 

634.10 

3.50 

1003.93  ±2.82 

1001.53 

1006.08 

4.00 

3199.13  ±10.27 

3190.16 

3207.18 

5.00 

-724.20  ±5.89 

-729.45 

-718.73 

6.00 

-281.32  ±2.14 

-283.14 

-279.41 

7.00 

-157.82  ±1.56 

-159.14 

-156.44 

8.00 

-100.11  ±1.55 

-101.47 

-98.72 

9.00 

-65.71  ±2.03 

-67.54 

-63.84 

10.00 

-39.91  ±3.79 

-43.49 

-36.31 

10.90 

-11.93  ±11.88 

-23.54 

-0.81 

11.25 

10.98  ±25.63 

-14.34 

36.19 

11.90 

1193.00  ±1192 

1.86 

2377.10 

Above 

from  Glover  and  Welnhold 

(1977) 

3 

Tabular  Data  A-10.7.  Dynamic  polarizability  for  the  2 S state  of  He 
for  frequencies  up  to  the  second  excitation  energy  (in  a^). 


Variational  Estimates 


2 

x 10 

RlRorous  bounds 

Lower 

Upper 

0.0 

803.31±6.61 

800.21 

806.67 

0.2 

809. 68±6. 68 

806.55 

813.08 

0.4 

829.46±6.87 

826.20 

832.95 

0.6 

864.7417.22 

861.27 

868.41 

0.8 

919.68±7.77 

915.88 

923.64 

1.0 

1011.9118.60 

997.60 

1006.29 

1.2 

1125.6319.84 

1120.56 

1130.67 

1.4 

1319.56111.81 

1313.29 

1325.65 

1.6 

1650.45115.22 

1642.07 

1658.34 

1.8 

2314.75122.18 

2302.02 

2326.39 

2.0 

4246.89143.32 

4220.63 

4270.31  1 

2.2 

64873. 00±1339 

63787.22 

65895.77 

2.5 

-2707. 52193. 61 

-2785.33 

-2626.37  ] 

3.5 

-477.48113.19 

-486.11 

-468.03  1 

4.5 

-208.0818.77 

-213.65 

-201.94 

5.5 

-106.35±8.39 

-111.93 

-100.22 

6.5 

-50.04110.41 

-57.65 

-41.82 

7.5 

-4. 78117. 98 

-19.64 

10.82 

8.5 

78. 79±64. 32 

18.41 

140.00 

Above  from  "Dynamic  Polarizabilities  of  metastable  2 ’ S 
excited  states  of  He  and  Ll+,  with  rigorous  upper 
and  lower  bounds"  R.M.  Glover  and  F.  Welnhold  , 

J.  Chem.  Phys.  $fc,No.  1,  pp.  185-190  (1977). 
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Tabular  Data  A-10.8.  Polarizability  of  atomic  ions. 


Ion 


Li 

Na"1 


Rb 

Cs* 

He4 

Ne4 

Ar4 

H+ 

0+ 

He4 

Ne4 

Ar4 

Be4 

Mg4 

Ca4 


H 

o" 

F~ 

Cl 

Br' 

I~ 


Dipole  Polarizability 

a (X3) 

0.0285 
0.158  * 

0.85  * 

1.41  * 

2.42  * 

0.0417 
0.21 
1.07  ** 

0 

0.49 

0 

0.15 
1.04  ** 

0.0076 

0.082 

0.73 

30.5 

3.2 

1.38  * 

3.94  * 

5.22  * 

7.81  * 


Above  from  the  book  by  McDaniel  and  Mason  (1973)  except  for  *"Empirical 
Free  Ion  Polarizabilities  of  the  Alkali  Metal,  Alkaline  Earth  Metal, and 
Halide  Ions",  H.  Coker,  J.  Phys.  Chem.  80,  No.  19,  p.  2078  (1976)  and 
**"The  Static  Polarizability  of  Argon  Ions",  P.  Meier,  R.  J.  Sandeman, 
and  M.  Andrews,  J.  Phys.  B T_ , No.  11,  p.  L-339  (1974). 
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Maryott  and  Buckley  (1953). 

Langhoff,  Gordon,  and  Karplus  (1971) 
Muenter  (1972). 
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Tabular  Data  B-l.l 


He(3  P)+He  + He(3'D)+He  296UK  16+3A‘ 

He(31P)+He  -►  He^  + e 30CO*  3.1+l82 

He(33P)+He  - He^Sj+He  300°**  2.9+.3R2 
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Tabular  Data  B-1.7 


Ne+Ne(2s3) 


Tabular  Data  B-1.8 


Tabular  Data  B-1.9 


Tabular  Data  B-1.10 


Tabular  Data  B-l.ll 
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Tabular  Data  B-1.15 


Tabular  Data  B-1.16 


Tabular  Data  B-1.17 


Tabular  Data  B-1.19 


Tabular  Data  B-1.20 


Ar>Ar+He  Ar,+He  80  K k=5.5xl0  cm  /s 
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Tabular  Data  B-1.23. 


Tabular  Data  B-1.24 


Tabular  Data  B-1.26 
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Tabular  Data  B-1.27 


Tabular  Data  B-1.27a 


The  following  reactions  were  added  in  proof.  We  wish  to  thank  Dr.  C.  A.  Brau  for  permission  to  use  these 
data  which  will  appear  in  the  chapter  entitled  “Rare  Gas  Halide  Lasers”  in  the  forthcoming  book  Excimer 
Lasers  , C.  K.  Rhodes  (Ed.)  Springer- Verlag,  (Berlin,  1978). 
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Reaction  rates  as  a function  of  temperature 
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Equations  Cited  in  Table  of  Reactions 
B-1.28. 

1.  k-2.1x!0'10EXP(-475.7/T)ci*3/s 

2.  k=3.3xlO*11EXP(-591.8/T)on3/s 

3.  k=5.94xl0*1(¥sEXP(-18570/T)cn3/s 

4.  k=1.2xl0*n  E XP ( - 40000/T ) cm3/ s 

5.  k=1.2xl0'10  EXP(-42000/T)cn3/s 

6.  k=9.3xlO'U  EXP ( -39000/T ) cm3/s 

7.  k=7.0xl0-11  EXP<-35500/T)cm3/s 

8.  k=6.58xl0'n  EXP(-24427/T)cm3/s 

9.  k=4.40xl0’1 1 EXP(-2381 9/T ) cm3/ s 

10.  k=6.98xl02(T)'2-85  EXP ( -53395/T )cm3/s 

11.  k-2.61xl025(Tf9’04  EXP(-46471/T)cm3/s 

12.  k=l .02X1011 (T)-4-64  EXP(-61667/T)cm3/s 

13.  k=1.40xl0‘3(T)0-5EXP(-38535/T)an3/s 

14.  k=3.77xl06{T)*4'°EXP(-28907/T)cm3/s 

15.  logk(11ters2mole'2sec"1)=(9.066+0.018)-(l .261+0.043)log(T/300) 

16.  1 ogk(11ters2ntole’2sec”1)=9. 136-1 .7161  og(T/300)+0. 994  log2(T/300) 

17.  logk(  11ters2mole’2sec"1H9.1 7+0.024)- (1 .423+0. 057)  log(T/300) 

13.  k=4.03xl0"37EXP(  6103/T)cn6/s 

19.  logk(11ters2nx)le'2sec‘1)=9. 381+0. 016-(2. 287+0. 125)  log(T/300)+(  1 . 154+0. 1 94 ) 1 og2  (T/300 ) 

20.  1 ogk(  1 1 ters2mol  e"2sec~ 1 )^.  251+0 . 002 ) - ( 1 . 36+0 . 29 ) 1 og  ( T/2300 ) 

21.  logk(11ters2niole"2sec’1)=9. 439-2.  418  log(T/300)+l  .911  log2(T/300) 

22.  1 ogk(11ters2mole'2sec”1H9. 489+0. 021) -(2. 77+0. 179)  log  (T/300)+(l  .473+0. 298)  log2(T/300) 

23.  logk(11ters2nx)le"2sec"1)a!(9.614+0.024)-(3. 484+0. 195)log(T/300)+(2. 183+0. 314)  log2(T/300) 

24.  logk(11ters2mole*2sec*1)»9. 652-2. 787  log(T/300)+l .678  log2(T/300) 
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Equations  Cited  in  Table  of  Reactions (Concluded) 

B-1.28 

25.  k=1.81xl0'21(T)'2-85cm6/s 

26 . k*4 . 1 1 xl 0*2(T ) "9 ' 04EXP (-11 52/T ) cm6/s 

27.  k=2.70xl0'16(T)'4-64EXP(-1435/T)cnt6/s 

28.  k=l. 97x10' 30T°-5  cm6/s 

29.  k-1.31xl0*13EXP(-2154/T)cm3/s 

30 . k*l . 66x1 0' 12T° ' 5EXP ( -28007/T) cm3/s 

31.  k=1.66xl0'12T0,5EXP(-43134/T)OT3/s 

32.  k»2.76xl010EXP(-19800/R)(l.aol.-l)  ain'1 

33 . k=3. 29x1 O' 1 3T°  * 5EXP ( -1 068/T ) an3/s 

34.  k=3.60xl0'14T°’5EXP(-1458/T)cni3/s 

35.  logk(11ters2mole*2sec*1)=(12.22+2.00)-(4.3+0.62)log(T/300) 

36.  logk(liters2mole'2sec'1)=(8. 952+0. 002)-(2. 70+0. 32)log(T/1645) 

37.  1ogk(liters2mole'2sec*1)=12. 122-5.844 log(T/300)+2. 163  log2(T/300) 

38.  k=3.04xl0*10  EXP(-23819/T)cm3/s 

39.  cA=5.5-0.5P  In  E (E=l-70eV) 

40.  o^. 9-0. 25  In  E (E»1-50eV) 
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Tables  and  Graphs  Cited  in  Table  of  Reactions 

Reaction  rates  (k)  and  cross  sections  (cr)  as  a function  of  collision 
energy  (E) , temperature  (T) , and  relative  velocity  (v) . 
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1 


Table  1 

Tabular  Data  B- 

He+Xe  Total  Scattering 

■1.29. 

v(cm/s) 

o(82) 

v(cm/s) 

a(82) 

(xlOOOO) 

(xlOOOO) 

3.03 

441.84 

6.63 

286.68 

3.07 

426.66 

6.95 

286.51 

3.13 

406.24 

7.28 

285.62 

3.18 

387.36 

7.60 

284.30 

3.23 

370.16 

7.9? 

281.58 

3.29 

354.36 

8.31 

278.36 

3.34 

342.5? 

8.72 

274.39 

3.41 

329.86 

9.06 

270.66 

3.4? 

320.84 

9.38 

266.8? 

3.54 

309.18 

9.73 

282.56 

3.64 

299.58 

10.10 

257.77 

3.76 

292.28 

10.50 

252.79 

3.90 

283.95 

10.94 

247.38 

4.06 

278.3? 

11.36 

241.20 

4.22 

275.18 

11.79 

235.34 

4.38 

273.80 

12.27 

228.06 

4.53 

273.21 

12.69 

221.39 

4.72 

272.83 

13.07 

215.61 

4.93 

273.25 

13.43 

209.66 

5.19 

274.29 

13.78 

204.03 

5.47 

276.53 

14.1? 

197.69 

5.74 

280.19 

14.63 

190.18 

6.68 

6.30 

283.80 

285.60 

15.05 

182.75 
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Relative  velocity  (cn/sec>  x 10890 

Cr«*h  l He+Xe  + Total  Scattering 
Graphical  Data  B-1.30. 


Tabular  Data  B-1.31. 


Table  2 He+Kr  -*■  Total  Cross  Section 


v(cm/s) 

(xlOOOO) 

i(82) 

v(cm/s) 

(xlOOOO) 

°(R2) 

2.92 

270.91 

7.18 

268.89 

3.82 

265.30 

7.56 

263.05 

3.14 

259.94 

7.85 

258.00 

3.27 

255.77 

8.21 

251.65 

3.40 

251.67 

8.56 

244.93 

3.52 

249.01 

8 ■ 84 

239.26 

3.69 

246.62 

9.16 

232.85 

3.84 

245.86 

9.47 

227.4? 

4.00 

245.63 

9.83 

220.59 

4.23 

247.47 

10.12 

215.17 

4.44 

250.43 

10.48 

209.1? 

4.62 

253.58 

10.81 

202.68 

4.82 

258.04 

11.09 

196.78 

5.00 

263,30 

11.45 

189.93 

5.14 

267.85 

11.76 

184.87 

5.28 

272.49 

12.14 

179.5? 

5.46 

276.35 

12.55 

172.60 

5.68 

280.12 

12.94 

167.12 

5.86 

281.18 

13.27 

162.14 

6.06 

281.9? 

13.55 

158.30 

6.31 

279.52 

13.96 

153.16 

6.62 

277.71 

14.34 

148.39 

6.91 

272.99 
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itM  <CM/sec)  x 10000 

)ss  Section 


Tabular  Data  B-1.33. 


Tab1e3  He+Ar  -►  Total  Cross  Section 


v(cm/s) 

v(cm/s) 

<42) 

(xlOOOO) 

,<&2> 

(xlOOOO) 

4.56 

287.67 

8.18 

207.66 

4.70 

280.59 

8.51 

201.88 

4.84 

273.21 

8.81 

196.65 

5.01 

265.66 

9.08 

192.37 

5.20 

258.79 

9.45 

185.53 

5.40 

252.85 

9.81 

179.70 

5.66 

246.83 

10.13 

175.17 

5.93 

241.81 

10.44 

170.55 

6. 18 

238.08 

10.87 

164.85 

6.45 

233.99 

11.38 

157.30 

6.77 

229.42 

11.74 

152.44 

7.09 

224.52 

12.30 

145.83 

7.40 

7.83 

220.02 

213.05 

12.76 

140.94 

266 


Tabular  Data  B-1.35. 


Table  4 He(23S)+Xe  -*■  Quenching 


T(°K) 

K(10"10cm3/s) 

T(°K) 

K(10"1Ucm3/s) 

286 

1.34 

563 

2.88 

385 

1.42 

586 

3.08 

319 

1.49 

606 

3.18 

335 

1.57 

629 

3.22 

349 

1.65 

650 

3.31 

361 

1.71 

672 

3.42 

380 

1.83 

698 

3.5? 

482 

1.94 

721 

3.66 

416 

2.03 

741 

3.74 

432 

2.12 

770 

3.90 

444 

2.20 

787 

3.94 

461 

2.31 

810 

4.03 

480 

2.43 

834 

4.12 

496 

2.52 

854 

4.18 

51? 

2.66 

872 

4.20 

544 

2.77 

893 

4.25 
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Tabular  Data  B-1.37. 


Table  5 He(23S)+Ar  -*■  Quenching 


T(K°) 

K(10_11cm3/s) 

T(K°) 

K(10"11cm3/s) 

28y 

7.10 

590 

20.34 

31  i 

7.71 

616 

21.80 

326 

8.23 

635 

23.06 

346 

8.87 

653 

23.99 

366 

9.56 

667 

24.76 

385 

10.37 

688 

25,88 

486 

11.29 

714 

27.17 

430 

12.25 

735 

28.26 

448 

13.09 

753 

29.05 

464 

13.81 

777 

30.14 

481 

14.67 

801 

31.10 

496 

15.42 

827 

32.43 

513 

16.23 

845 

33.03 

535 

17.42 

863 

33.69 

555 

18.48 

883 

34.13 

572 

19.40 

900 

34.49 

Tabular 
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Table  6 He(2'1S)+Ne 


T(K°) 

290 

301 

309 

313 

323 

335 

343 

352 

331 

374 

388 

399 

412 

424 

435 

443 

430 

472 

483 

501 

519 

535 


K(10"11cm3/s) 

T(K°) 

Kdo'11^3 

8.343 

551 

2.354 

8.384 

537 

2.530 

0.419 

582 

2.687 

0.457 

595 

2.836 

0.503 

314 

3.039 

0.540 

330 

3.232 

0.588 

646 

3.429 

0.330 

662 

3.608 

0.391 

380 

3.852 

0.772 

695 

4.033 

0.872 

712 

4.244 

0.955 

727 

4.461 

1.049 

744 

4.695 

1.141 

756 

4.870 

1.234 

771 

5.092 

1.347 

788 

5.289 

1.477 

807 

5.580 

1.310 

825 

5.811 

1.753 

847 

3.100 

1.917 

836 

6.303 

2.082 

882 

6.487 

2.222 

903 

6.711 

Tabular  Data  B-1.41. 


Table  7 Ar+Ar  -*•  Total  Elastic  Cross  Section 


v(cm/s) 

(xlOOOO) 

odooft2) 

v(cm/s) 

(xlOOOO) 

o(ioo82) 

1.54 

8.6@ 

8.74 

4.09 

1.65 

8.31 

9.84 

3.91 

1.78 

8.06 

10.73 

3.76 

1.93 

7.78 

11.78 

3.62 

2.12 

7.50 

12.86 

3.48 

2.32 

7.17 

14.24 

3.34 

2.54 

6.8? 

15.29 

3.24 

2.81 

6.62 

16.47 

3.14 

3.08 

6.36 

17.83 

3.04 

3.33 

6.17 

19.28 

2.93 

3.71 

5.92 

20.88 

2.83 

4.87 

5.70 

23.05 

2.72 

4.46 

5.48 

25.18 

2.62 

4.88 

5.30 

27.57 

2.51 

5.47 

5.07 

30.10 

2.41 

6.10 

4.81 

32.25 

2.34 

6.75 

4.59 

35.17 

2.27 

7.43 

4.39 

37.68 

2.21 

8.11 

4.23 

40.33 

2.15 
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Graph  7 Ar+Ar  •»  Elastic  Cross  Section 


Tabular  Data  B-1.43. 


Table  8 

HeU^J+He  Total 

Scattering 

i i 

v(m/s) 

a(82) 

v(m/s) 

42> 

1146 

139.6 

2272 

130.6 

1177 

139.1 

2345 

130.2 

1233 

138.6 

2415 

129.9 

1277 

138.2 

2494 

129.6 

1327 

137.7 

2554 

129.3 

1393 

137.1 

2633 

128.9 

1460 

136.6 

2695 

128.6 

1543 

135.9 

2765 

128.4 

1605 

135.4 

2824 

128.1 

1671 

134.9 

2885 

127.9 

1750 

134.3 

2938 

127.7 

1805 

133.9 

2995 

127.4 

1862 

133.4 

3046 

127.3 

1944 

132.9 

3102 

127.0 

2019 

132.3 

3160 

126.6 

2083 

131.9 

3232 

126.4 

2152 

131.4 

3274 

126.2 

2217 

130.9 

3319 

126.0 
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Graphical  Data  B-l. 


Tabular  Data  B-1.45. 


Table  9 He3(23S1 )+He3  - He3+He3(23S1 ) 


T(K°) 

<42) 

T(K°) 

<42) 

8.2 

0.075 

238.3 

3.300 

18.4 

0.067 

246.3 

3.440 

31.9 

0.116 

258.7 

3.612 

42.5 

0.184 

269.1 

3.770 

53.5 

0.281 

278.8 

3.928 

62.  j 

0.376 

290.7 

4.997 

69.6 

0.475 

301.8 

4.238 

?6. 1 

0.568 

312.8 

4.376 

86.1 

0.706 

322.0 

4.493 

95.4 

0.833 

333.2 

4.637 

102.9 

0.949 

345.4 

4.772 

111.1 

1.072 

358.1 

4.903 

119.0 

1.196 

372.4 

5.089 

127.3 

1.346 

387.9 

5.130 

136.8 

1.519 

401.2 

5.222 

149.4 

1.753 

416.9 

5.307 

157.9 

1.923 

431.1 

5.369 

168.1 

2.116 

448.8 

5.454 

178.2 

2.301 

464.9 

5.507 

187.0 

2.474 

480.2 

5.559 

196.7 

2.675 

493.7 

5.582 

289.8 

2.864 

507.1 

5.590 

220.6 

3.805 

519.4 

5.602 

230.2 

3.149 

530.9 

5.613 
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Tabular  Data  B-1.47. 


He(23S)+Kr  -*•  Total  (97%  Elastic) 


v(m/s) 

a(82) 

v(m/s) 

»(X2> 

980 

532.6 

1716 

442.0 

987 

526.2 

1762 

445.8 

998 

519.5 

1826 

450.3 

1009 

512.8 

1877 

453.1 

1022 

505.7 

1918 

454.8 

1038 

497.5 

1969 

456.1 

1058 

498.0 

2015 

456.3 

1077 

481.7 

2059 

456.1 

1097 

474.5 

2117 

454.9 

1118 

467.8 

2174 

453.2 

1147 

459.1 

2236 

451.4 

1175 

451.5 

2288 

449.9 

1207 

442.7 

2337 

448.3 

1235 

436.4 

2393 

445.5 

1272 

429.7 

2457 

442.2 

1321 

421.3 

2521 

439.0 

1356 

416.4 

2582 

435.2 

1398 

413.1 

2650 

430.6 

1436 

412.0 

2711 

426.3 

1475 

412.9 

2772 

422.3 

1519 

416.0 

2830 

418.4 

1545 

421.1 

2888 

413.6 

1573 

426.9 

2925 

410.7 

1618 

432.7 

2976 

406.8 

1660 

437.3 
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Graphical  Data  B-1.48 


Tabular  Data  B-1.49. 


Table  11  He+Xe  Elastic  Scattering 


v(km/s) 

=(82> 

v(km/s) 

»(82) 

8.81 

247.77 

1.33 

150.90 

0.82 

241.82 

1.37 

146.78 

0.84 

235.74 

1.43 

141.89 

0.87 

229.30 

1.47 

138.48 

0.89 

222.91 

1.52 

134.77 

0.92 

216.20 

1.57 

131.16 

0.94 

209.47 

1.62 

128.01 

0*97 

203.86 

1.68 

124.24 

0.99 

198.96 

1.75 

120.03 

1.02 

193.85 

1.82 

116.09 

1.05 

187.81 

1.90 

112.35 

1.09 

182.16 

1.99 

109.22 

1.13 

176.69 

2.07 

106.23 

1.17 

171.67 

2.17 

103.22 

1.20 

166.03 

2.25 

100.28 

1.25 

160.22 

2.35 

97.27 

1.29 

155.14 

2.44 

95.10 
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Table  12 

Tabular  Data  B- 

He+Kr  -*■  Total  Elastic 

■1.51. 

v(km/s) 

«(*2)  • 

v(km/s) 

»<«2) 

0.81 

190.43 

1.43 

107.50 

0.83 

185.21 

1.50 

103.32 

0.85 

180.24 

1.56 

99.92 

0.88 

175.10 

1.64 

96.41 

0.91 

166.95 

1.71 

93.34 

0.94 

161.55 

1.77 

90.42 

0.9? 

155.79 

1.85 

87.74 

1.01 

150.06 

1.92 

85.48 

1.05 

143.33 

2.03 

82.53 

1.11 

136.19 

2.15 

88.13 

1.15 

130.89 

2.23 

78.24 

1.21 

125.37 

2.35 

76.09 

1.26 

128.55 

2.43 

74.60 

1.31 

115.86 

2.53 

73.46 

1.37 

110.91 

Tabular  Data  B-1.53. 


Table  13  He+Ar+Elastic  Cross  Section 


v(km/s) 

«<a2> 

v(km/s) 

0<»2> 

0.81 

148.60 

1.41 

87.28 

0.84 

144.12 

1.46 

84.41 

0.86 

140.81 

1.52 

82.14 

0.88 

136.64 

1.57 

80.12 

0.90 

132.82 

1.63 

78.24 

0.93 

128.67 

1.70 

76.05 

0.95 

124.80 

1.78 

74.01 

0.99 

120.91 

1.84 

72.15 

1.03 

115.15 

1.92 

70.41 

1.07 

111.11 

2.02 

68.33 

1.11 

107.27 

2.14 

66.38 

1.17 

102.63 

2.23 

64.89 

1.22 

98.47 

2.32 

63.36 

1.26 

95.94 

2.42 

62.16 

1.31 

92.63 

2.52 

60.97 

1.35 

90.24 
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v(km/s) 

o(82) 

v(km/s) 

a(82) 

0.98 

66.69 

1.42 

47. 67 

8.92 

64.75 

1.48 

47.05 

0.94 

62.66 

1.55 

46.18 

0.9? 

61.22 

1.64 

45,38 

1.00 

59.31 

1.71 

44.69 

1.02 

57.69 

1.80 

43.94 

1.06 

55.82 

1.88 

43.35 

1.10 

54.14 

1.95 

42.86 

1.15 

52.51 

2.04 

42.35 

1.21 

51.05 

2.12 

41.90 

1.25 

50.24 

2.19 

41.48 

1.31 

49.23 

2.26 

40.99 

1.36 

48.37 

2.35 

40.59 
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Tabular  Data  B-1.59. 


Table  16  Ar++Ar  -*•  Ar  +Ar+ 


E(eV) 

o*(») 

E(eV) 

0.163 

8.18 

1.076 

7.32 

3.173 

8.15 

1.240 

7.26 

8.192 

8.11 

1.392 

7.21 

8.215 

8.07 

1.562 

7.16 

0.239 

8.02 

1.778 

7.08 

0.264 

7.97 

1.944 

7.06 

0.310 

7.88 

2.161 

7.00 

0.344 

7.84 

2.416 

6.94 

0.390 

7.79 

2.713 

6.91 

8.44C 

7.73 

3.064 

6.86 

0.517 

7.66 

3.461 

6.79 

0.599 

7.58 

3.958 

6.74 

0.665 

7.54 

4.470 

6.69 

8,763 

7.45 

4.998 

6.63 

8.833 

7.44 

5.500 

6.59 

0.934 

7.38 

5.992 

6.57 
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Tabular  Data  B-1.61. 


Table  17  Ne++Ar  -*■  Ne+Ar+ 


E(eV) 

a(10‘282) 

E(eV) 

' a(10"2H2) 

0. 891 

0.18 

0.2?7 

4.71 

8.893 

0.21 

0.313 

5.71 

0.095 

0.24 

0.344 

6.56 

0.098 

0.29 

0.381 

7.55 

8.182 

0.35 

8.433 

8.92 

0.108 

0.41 

0.479 

10.06 

0.111 

0.48 

0.531 

11.40 

0.11? 

0.56 

0.602 

12.91 

0.124 

0.69 

0.673 

14.49 

0.130 

0.80 

0.769 

16.0? 

0.139 

0.96 

0.870 

17.78 

0.148 

1.11 

1.009 

19.82 

0.159 

1.34 

1.199 

21.78 

0.168 

1.57 

1.417 

23.74 

0.180 

1.87 

1.691 

25.55 

0.192 

2.26 

1.979 

26.82 

0.285 

2.62 

2.282 

27.95 

0.21? 

3.03 

2.721 

29.09 

0.231 

3.44 

3.163 

29.69 

8.251 

4.01 

3.642 

38.43 
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Graphical  Data  B-1.62. 


Tabular  Data  B-1.63. 


Table  18  Ne+++Kr  Ne+(Production) 


296 


Tabular  Data  B-1.65. 


Table  19  Ne+++Kr  ■*  Kr+( Production) 


E(eV) 

o(82) 

E(eV) 

a(82) 

0.75 

20.09 

39.21 

4.38 

8.81 

17.43 

41.03 

4.48 

1.04 

15.38 

42.89 

4.64 

1.38 

13.35 

44.46 

4.74 

1.76 

11.03 

45.89 

4.86 

2.58 

8.28 

48.05 

5.03 

3.29 

6.8? 

50.38 

5.17 

4.48 

5.95 

52.89 

5.29 

5.97 

5.25 

54.65 

5.41 

8.83 

4.85 

56.76 

5.51 

10.61 

4.53 

59.62 

5.5? 

13.11 

4.42 

61.53 

5.68 

16.29 

4.26 

63.55 

5.80 

19.46 

4.28 

67.01 

5.92 

22.92 

4.18 

69.00 

5.9? 

25.90 

4.16 

71.11 

6.04 

28.51 

4.10 

72.68 

6.05 

31.57 

4.08 

74.8? 

6.05 

33.43 

4.12 

77.96 

6.89 

35.48 

4.16 

79.62 

6.0? 

37.05 

4.26 

Tabular  Data  B-1.67. 


Table  20  Ar+F2  -*•  F+F+Ar 


104/T 

Log  K 

104/T 

Log  K 

(K_1) 

(an\ol~^s~^ ) 

U"1) 

(cm^mol~^s~^ ) 

3.83 

"10.27 

6.36 

8.70 

3.93 

18.21 

6.48 

8.63 

4.82 

10.14 

6.60 

8.55 

4.15 

10.86 

6.72 

8.48 

4.24 

10.01 

6.87 

8.38 

4.38 

9.93 

7.00 

8.30 

4.50 

9.86 

7.12 

8.23 

4.61 

9.80 

7.26 

8.14 

4.74 

9.72 

7.37 

8.08 

4.88 

9.63 

7.54 

7.98 

5.02 

9.54 

7.67 

7.89 

5.13 

9.46 

7.81 

7.79 

5.26 

9.38 

7.93 

7.71 

5.38 

9.31 

8.06 

7.63 

5.51 

9.22 

8.15 

7.57 

5.65 

9.14 

8.26 

7.51 

5.79 

9.06 

8.39 

7.43 

5.92 

8.97 

8.58 

7.37 

6.00 

8.92 

8.62 

7.29 

6.11 

8.85 

8.73 

7.23 

6.24 

8.78 

8.85 

7.15 

300 


Graphical  Data  B-1.68. 


Tabular  Data  B-1.69. 


Table  21  Xe++Xe  -*■  Xe+Xe+ 


E(eV) 

a\%) 

E(eV) 

<^(8) 

1.28 

8.39 

8.56  4 

7.97 

1.48 

8.37 

10.05 

7.94 

1.62 

8.34 

11.15 

7.92 

1.79 

8.32 

12.63 

7.83 

1.98 

8.38 

14.36 

7.86 

2.19 

8.28 

16.48 

7.83 

2.57 

8.24 

18.84 

7.80 

2.95 

8.21 

22.43 

7.76 

3.34 

8.18 

25.58 

7.73 

3.75 

8.15 

30.12 

7.69 

4.16 

8.13 

35.14 

7.67 

4.86 

8.10 

39.57 

7.64 

5.58 

8.07 

47.99 

7.59 

6.45 

8.04 

54.81 

7.57 

7.43 

8.01 

62.15 

7.54 

Tabular  Data  B-1.71. 


Table  22  Ne(^PQ  2)+Ar -*  Total  Ionization  (Ratio:  5:1  of  2p2 . ^pQ) 


E(eV) 

c<82) 

E(eV) 

a(82) 

0.0885 

49.29 

1.1996 

21.37 

0.0103 

47.29 

1.5769 

20.55 

0.0122 

45.65 

2.1366 

19.98 

0.0147 

43.80 

2.9011 

19.18 

0.8170 

42.01 

4.0041 

18.05 

0.6203 

40.80 

5.1168 

17.22 

0.0251 

38.99 

7.0768 

16.38 

0.0303 

37.64 

9.2087 

15.52 

0.0378 

36.27 

11.8399 

14.72 

0.0476 

34.73 

14.6768 

14.16 

0.0585 

33.48 

19.6913 

13.26 

0.0724 

32.51 

26.0485 

12.35 

0.8927 

31.52 

35.4468 

11.5? 

0.1139 

30.3? 

47.9488 

10.69 

0.1444 

29.09 

62.7992 

9.75 

0.1845 

27.86 

91.5767 

8.69 

0.2344 

27.13 

128.4913 

7.85 

0.3062 

26.20 

167.5973 

7.22 

0.3897 

25.10 

223.5452 

6.5? 

0.5133 

24.14 

292.7673 

6.03 

0.6998 

23.23 

370.4369 

5.58 

0.9015 

22.30 

456.5480 

5.15 

ft 
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Tabular 


Table  24  Ne  +Kr 


I/"*"*"/ 

Kr  ( 


E (eV) 

o(82) 

E(eV) 

a(82) 

0.58 

7.88 

33.90 

2.14 

1.09 

6.68 

38.09 

2.13 

1.78 

5.44 

39.98 

2.12 

2.37 

4.64 

42.12 

2.10 

3.03 

3.87 

44.92 

2.08 

4.09 

3.23 

47.55 

2.07 

5.82 

2.70 

58.18 

2.07 

7.53 

2.42 

53.31 

2.05 

9.89 

2.28 

55.96 

2.03 

13.01 

2.26 

59.17 

2.03 

15.89 

2.23 

61.80 

2.00 

18.77 

2.21 

64.43 

2.00 

21.18 

2.21 

66.38 

1.99 

23.87 

2.18 

69.56 

1.97 

26.69 

2.18 

72.00 

1.96 

28.83 

2.17 

74.17 

1.95 

31.49 

2.15 

76.44 

1.94 

Tabular  Data  B-1.77. 


Table  25  Kr+++Ne  Kr+(Production) 


E(eV) 

a(82) 

E(eV) 

<42) 

0.40 

10.86 

7.83 

7.37 

0.53 

9.61 

8.37 

7.36 

0.74 

8.69 

8.76 

7.31 

0.98 

8.03 

9.43 

7.34 

1.30 

7.71 

9.90 

7.30 

1.80 

7.64 

10.35 

7.25 

2.33 

7.59 

10.99 

7.21 

2.74 

7.60 

11,55 

7.23 

3.25 

7.56 

11.96 

7.18 

3.74 

7.59 

12.43 

7.19 

4.47 

7.56 

13.00 

7.16 

4.96 

7.57 

13.52 

7.14 

5.50 

7.42 

13.92 

7.15 

5.98 

7.41 

14.39 

7.10 

6.51 

7.40 

14.84 

7.14 

7.21 

7.37 

15.24 

7.14 

Tabular  Data  B-1.79. 


Table  26  Kr+++Ne  -*•  Ne+(Production) 


E(eV) 

o(82) 

E(eV) 

a(82) 

0.23 

18.44 

5.56 

1.67 

0.28 

13.18 

5.97 

1.69 

0.34 

9.83 

6.49 

1.73 

0.48 

8.12 

7.10 

1.79 

0.49 

6.68 

7.69 

1.84 

0.81 

5.69 

8.29 

1.91 

0.72 

4.89 

8.72 

1.92 

0.93 

4.03 

9.21 

1.97 

1.12 

3.29 

9.69 

2.01 

1.32 

2.80 

10.20 

2.05 

1.56 

2.44 

10.78 

2.11 

1.86 

2.11 

11.24 

2.15 

2.22 

1.89 

11.69 

2.20 

2.71 

1.74 

12.14 

2.26 

3.22 

1.67 

12.59 

2.27 

3.79 

1.63 

13.02 

2.33 

4.57 

1.62 

13.58 

2.37 

5.87 

1.65 

312 
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Graphical  Da 
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Tabular  Data  B-1.84. 


B^B3  "ou+)  + Br2  ■+  Quenching 


Source  of 
Excitation 

(8) 

States 

Exci ted 

V 

Quenching 
Cross  Section 

<82> 

6260 

1,3,5 

56  ± 16 

6140 

3,6,7 

58  ± 8 

6025 

5,7,9 

77  ± 4 

5970 

6,8,10 

116  ± 21 

5874 

9,11,13 

72  ± 7 

5738 

11,13,16 

115  + 11 

5615 

14,17,19 

73  + 7 

5496 

17,20,23 

97  + 46 

5411 

20,23,27 

167  + 40 

5325 

23,27,30 

47  + 13 

5225 

27,31 

137  + 13 

5221 

27  -v-  31 

81+7 

5131 

31  40 

162  ± 35 

317 


Tabular  Data  B-1.85 


Ar+B^  -*-  Br+Br+Ar 


318 


Tabular  Data  B-1.86 


3 -1 

Three-body  recombination  rates  a (cm  sec  ) for  the 

processes  X+  + F~  + X XF  + X,  (XiHe,  Ne,  Ar,  Kr,  Xe) 
as  a function  of  gas-density  N at  300  K. 


n/-nl+ 

He 

Ne 

Ar 

Kr 

Xe  (10  ~^)| 

0.1 

.390 

.354 

.554 

.647 

.743 

0.2 

.753 

.673 

1.018 

1.164 

1.311 

0.4 

1.413 

1.233 
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1.922 
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2.388 
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0.8 

2.540 

2.112 

2.658 

2.631 

2.575 

1.0 

3.029 

2.454 

2.891 

2.715 

2.538 

1.2 

3.478 

2.741 

3.019 

2.697 

2.422 

1.4 

3.891 

2.977 

3.066 

2.618 

2.274 

1.6 
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3.168 

3.056 

2.507 

2.119 

1.8 

4.618 

3.318 

3.007 

2.383 

1.970 

2.0 

4.936 

3.431 

2.932 

2.255 

1.831 

2.2 

5.226 

3.513 

2.842 

2.131 

1.705 

2.4 

5.490 

3.568 

2.743 

2.013 

1.591 

2.6 

5.727 

3.599 

2.641 

1.902 

1.489 

2.8 

5.941 

3.611 

2.539 

1.799 

1.397 

3.0 

6.131 

3.606 

2.438 

1.705 

1.315 

4 

6.774 

3.424 

1.996 

1.335 

1.009 

5 

7.015 

3.128 

1.664 

1.087 

.814 

6 

6.989 

2.824 

1.416 

.914 

.681 

7 

6.799 

2.546 

1.228 

.787 

.584 

8 

6.522 

2.303 

1.082 

.690 

.512 

9 

6.205 

2.094 

.966 

.614 

.455 

10 

5.877 

1.915 

.872 

.553 

.410 

20 

3.478 

1.001 

.439 

.277 

.205 

30 

2.378 

.671 

.293 

.185 

.137 

40 

1.795 

.504 

.220 

.139 

.102 

50 

1.439 

.403 

.176 

.111 

.082 

N is  Loschmidt's  number  (2.60  x 10 J 


-3v 
cm  ) 
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Graphical  Data  B-1.87 


Tabular  Data  S-1.88 


Three-body  recombination  rates  a (10-^  cm^  aec  *)  for  the 
processes  Xj  + F +X+  |XjF)*  + X,  (X  £ He,Ne,Ar ,Kr,Xe)  as  a 
function  of  gas-density  N at  300  K 


■V 

He 

Ne 

Ar 

Kr 

Xe 

rm 

a.  251 

0.279 

0.524 

0.591 

0.711 
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0.486 

0.533 

0.962 

1.068 

1.258 

ig 

0.918 

0.984 

1.658 

1.787 

2.012 

0.6 

1.309 

1.373 

2.169 
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2.419 

0.8 

1.669 
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2.007 

2.774 

2.674 
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1.2 

2.312 

2.264 

2.919 

2.706 

2.496 

1.4 

2.602 

2.486 

2.989 

2.671 

2.370 

1.6 

2.875 

2.677 

3.003 

2.595 

2.230 

1.8 

3.131 

2.838 

2.977 

2.497 

2.088 

• 

2.0 

3.373 

2.973 

2.924 

2.388 

1.953 

2.2 

3.600 

3.084 

2.852 

2.277 

1.828 

2.4 

3.813 

3.173 

2.769 

2.166 

1.713 

2.6 

4.014 

3.243 

2.680 

2.060 

1.608 

2.8 

4.202 

3.295 

2.588 

1.959 

1.513 

3.0 

4.378 

3.332 

2.496 

1.865 

1.427 

3.5 

4.767 

3.369 

2.274 

1.655 

1.246 

4.0 

5.090 

3.347 

2.074 

1.481 

1.103 

4.5 

5.351 

3.285 

1.897 

1.336 

0.987 

5 

5.556 

3.198 

1.743 

1.215 

0.892 

6 

5.822 

2.986 

1.491 

1.025 

0.748 

7 

5.930 

2.760 

1.297 

0.885 

0.643 

8 

5.924 

2.545 

1.146 

0.777 

0.563 

9 

5.836 

2.347 

1.024 

0.692 

0.501 

10 

5.695 

2.170 

0.925 

0.624 

0.451 

20 

3.854 

1.179 

0.467 

0.313 

0.226 

30 

2.717 

0.794 

0.311 

0.209 

0.105 

40 

2.070 

0.597 

0.234 

0.156 

0.113 

50 

1.665 

0.478 

0.187 

0.125 

0.090 

*N^  Is  Loschmldt's  number  (2.69  10 
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Tables  and  the  corresponding  graphs  for  hydrogen  and  helium  ions  and 
atoms  incident  on  helium,  neon,  and  argon 


1 


Tabular  Data  B-2.1. 


Excitation  Cross  Sections  for  the  Reactions 
H°  + He  -*•  H°  + He  (U^,  kh , 43S,  4^) 


Energy 

(keV) 

Cross 

Sections  for 
(cm2 

Excited  States 
) 

nil 

4^S 

4jP 

43S 

43P 

1.0  E 01 

1.30  E-19 

2.60  E-20 

1.50  E-19 

3.64  E-19 

1.5  E 01 

1.63  E-19 

7.90  E-20 

3.32  E-19 

4.71  E-19 

2.0  E 01 

1.85  E-19 

1.25  E-19 

4.07  E-19 

3.68  E-19 

2.5  E 01 

1.96  E-19 

1.47  E-19 

3.88  E-19 

2.50  E-19 

3.0  E 01 

1.82  E-19 

1.86  E-19 

3.43  E-19 

1.71  E-19 

3.5  E 01 

1.58  E-19 

2.12  E-19 

3.13  E-19 

1.25  E-19 

References : 

J.  Van  Eck,  F.  J.  de  Heer,  and  J.  Kistemaker,  Physica  30_,  1171  (1964), 
as  revised  by  J.  Van  den  Bos;(private  communication  from  F.  J.  de  Heer). 

Notes : 

Some  data  above  75  keV  impact  energy  have  been  taken  for  D+  impact. 
These  indicate  that  D+  behaves  the  same  as  H+  ions  of  the  same  energy. 
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PRECEDINO  P AOS  BUMUNOT  FILMED 


1 


Energy 

(keV) 

Cross 

2P 

Sections  for  State  nH 
(cm2 ) 

28 

5.0  E 00 

2.80  E-17 

6.0  E 00 

5 .1*1*  E-17 

2.74  E-17 

7.0  E 00 

5.12  E-17 

2.68  E-17 

8.0  E 00 

1+.80  E-17 

2.64  E-17 

9.0  E 00 

4.36  E-17 

2.62  E-17 

1.0  E 01 

4.00  E-17 

2.57  E-17 

1.5  E 01 

3.14  E-17 

2.1*5  E-17 

2.0  E 01 

2.87  E-17 

2.36  E-17 

2.5  E 01 

2.68  E-17 

2.28  E-17 

3.0  E 01 

2.57  E-17 

2.24  E-17 

3.5  E 01 

2.52  E-17 

2.16  E-17 

3.8  E 01 

2.52  E-17 

2.14  E-17 

Reference : 

A.  L.  Orbeli , E.  P.  Andreev,  V.  A.  Ankudinov,  and  V.  M.  Dukel’ski, 
Soviet  Phys.-JETP  31,  10UU  (1970). 


Notes : 

These  cross  sections  are  for  emission  of  Lyman-alpha  radiation  ’and 
were  quoted  as  equal  to  the  level  excitation  cross  sections  on  -.he 
(unsubstantiated)  assumption  that  cascade  could  be  neglected. 
Accuracy: 

Systematic  error  < 1*0%.  Random  error  < 15%. 


SECTION  (*10“17  cm 


Excitation  Cross  Sections  for  Reactions 


0 10  20  30  40 

ENERGY  (keV) 

Graphical  Data  B-2,4. 
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1 


Tabular  Data  B-2.5. 

Excitation  Cross  Sections  for  the  Reactions 
H + He  -*■  H(2s,3s,2p,3p,3d)  + He 


Energy 

(keV) 

Cross  Sections  for  State  n £. 
(cm2 ) 

3s 

3p 

3d 

1.0  E 01 

1.3  E-18 

1.2  E-18 

1.5  E 01 

1.0  E-18 

1.0  E-18 

8.8  S-19 

2.0  E 01 

9.2  S-19 

9.7  E-19 

5.5  E-19 

3.0  E 01 

7.9  E-19 

7.8  E-19 

I*. 2 E-19 

3.5  E 01 

8.2  S-19 

8.0  E-19 

!*  .6  E-19 

2s 

2t> 

1.0  E 00 

5.2  E-18 

5.1*  E-17 

2.0  E 00 

7.3  E-18 

1*  .6  E-17 

5.0  E 00 

7.7  E-18 

3.3  E-17 

7.0  E 00 

7.0  E-18 

2.6  E-17 

1.0  E 01 

5.5  E-18 

2.0  E-17 

2.0  E Cl 

!*.l*  E-18 

1.0  E-17 

5.0  E 01 

3.5  3-18 

1*.8  E-18 

7.0  B 01 

2.8  S-18 

1*.5  E-18 

1.0  E 02 

2.1  E-18 

1*.3  E-18 

2.0  E 02 

1.4  E-18 

3.2  E-18 

5.0  E 02 

7.1*  E-19 

2.1  E-18 

7.0  E 02 

5.2  E-19 

1.7  E-18 

1.0  E 03 

3.7  E-19 

1.3  E-18 

References : 


H + He  ♦ H(2s)  + He:  E.W.  Thomas  and  I.  Sauers,  Eightn  International 
Conference  on  the  Physics  of  Electronic  & Atomic  Collisions:  Abstract 
of  Papers,  p.l66,  Beograde  Institute  of  Physics  Publishing  Co.  Beograd 
(1973) . R.H.  Hughes  and  Song-Sik  Choe  Phys . Rev.  A 5,  1758  (1972). 

H.  Levy , Phys.  Rev.  185,  7 (1969). 

H + He  -*•  H(3s,3p,3d)  + He:  R.H.  Hughes,  H.M.' Petefish,  and  H.  Kisner, 
Phys.  Rev.  A 5,  2103  (1972). 

H He  H(2p)  + He:  R.H.  Hughes  and  Song-Sik  Choe,  Phys.  Rev.  A 5_t  656 

(1972).  J.H.  Birely  and  R.J.  McNeal,  Phys.  Rev.  A 5,  257  (1972). 

H.  Levy,  Phys.  Rev.  185,  7 (1969). 

Notes: 

For  H(2s)  and  H(2p)  formation,  ve  have  used  a theoretical  calculation 
by  Levy  at  energies  of  100  keV  and  greater. 

Accuracy: 

Systematic  error  < 50%.  Random  error  < 10< . 
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Tabular  Data  B-2.7 


Excitation  Cross  Sections  by  Electron  Capture  for  the  Reactions 
H*  ♦ He  •*  H(2p,3p,3d)  + He* 


Energy 

(keV) 

Cross 

Sections  for  Excited 
(cm* ) 

State  nl 

2£ 

3d 

2.5  E-01 

4.7  2-19 

3.0  E-01 

4.6  2-19 

5.0  E-01 

4.8  E-19 

7.0  E-01 

5.2  2-19 

1.0  E 00 

6.2  2-19 

1.5  E 00 

7.8  E-19 

2.0  S Q0 

9.3  2-19 

3.0  S 00 

1.2  E-18 

4.0  E 00 

1.4  E-18 

5.0  E 00 

1.6  E-18 

6.0  2 00 

1.7  E-18 

7.0  E 00 

1.9  E-l8 

8.0  E 00 

2.1  E-18 

9.0  E 00 

2.2  E-18 

1.0  E 01 

2.4  E-18 

3.6  E-19 

1.3  E-19 

1.5  E 01 

3.2  E-18 

4.5  2-19 

1.9  E-19 

2.0  E 01 

3.6  2-l8 

6.0  E-19 

1.9  2-19 

3.0  E 01 

3.3  2-18 

7.0  E-19 

1.6  E-19 

4.0  E 01 

2.5  2-l8 

4.7  E-19 

1.2  E-19 

5.0  E 01 

1.7  2-1 8 

2.6  E-19 

1.0  E-19 

6.0  E 01 

1.3  2-18 

1.7  E-19 

8.0  E-20 

7.0  E 01 

1.0  E-l8 

1.0  E-19 

6.5  E-20 

8.0  E 01 

7.9  E-19 

7.0  E-20 

5.2  2-20 

9.0  E 01 

6.4  E-19 

5.0  E-20 

4.2  E-20 

1.0  E 02 

5.4  E-19 

3.7  E-20 

3.7  E-20 

1.5  E 02 

2.8  E-19 

9.4  E-21 

2.0  E 02 

3.0  E-21 

3.0  E 02 

3.4  E-22 

References : 

H*  ♦ He  •*  H(2p)  + He*:  D.  Pretzer,  B.  Van  Zyl,  and  R.  Geballe, 

Proceedings  of  the  Third  International  Conference  on  the  Physics  of 
Electronic  and  Atomic  Collisions:  Abstract  of  Papers,  p.6l8.  North 
Holland  Publishing  Co.,  Amsterdam  (1963). 

H*  ♦ He  * H(3p)  + He*:  R.H.  Hughes,  C.A.  Stigers,  B.M.  Doughty,  and 
E.D.  Stokes,  Phys.  Rev.  A 1,  lU2i*  (1970);  J.C.  Ford  and  E.W.  Thomas, 

Phys.  Rev.  A £,  1694  (1972T  (normalized  to  work  of  Hughes  et  al.). 

H*  + He  -*•  H(3d)  ♦ He*:  R.H.  Hughes,  C.A.  Stigers,  B.M.  Doughty,  and 
E.D.  Stokes,  Phys.  Rev.  A 1_,  1424  (1970). 

Notes: 

In  all  cases  these  cross  sections  have  been  deduced  on  the  (unsubstantiated) 
assumption  that  cascade  into  the  relevant  levels  can  be  neglected. 

Accuracy : 

Systematic  error  < 50? . Random  error  < 15? . 
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Tabular  Data  B-2.9. 

Excitation  Cross  Sections  by  Electron  Capture  for  the  Reactions 
H+  + He  + H( 2s, 3s  ,4s)  + He+ 


CROSS  SECTION  (cm 


Excitation  Cross  Sections  by  Electron  Capture  for  the  Reactions 


ENERGY  (keV) 

Graphical  Data  B-2.10. 
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r 


— 

Tabular  Data  B-2.11. 


Excitation  Cross  Sections  for  the  Reactions 
H+  + He  - H+  + He  (^S,  , 1/4)) 


Energy  Cross  Sections  for  Excited  States  nJl 

(keV)  (cm2) 


!l§. 

41P 

u] 

4) 

1.0 

E 

00 

2.8 

E-22 

2.0 

E 

00 

1.2 

E-21 

2.3 

E-21 

3.0 

E 

00 

2.0 

E-21 

3.6 

E-21 

k.O 

E 

00 

2.2 

E-21 

6.9 

E-21 

5.0 

E 

00 

4.6 

E-21 

1.8 

E-20 

7.0 

E 

00 

3.9 

E-20 

7.5 

E-20 

1.0 

E 

01 

8.6 

E-20 

1.2 

E-19 

1.4 

E-19 

2.0 

E 

01 

1.6 

E-19 

3.2 

E-19 

1.3 

E-19 

3.0 

E 

01 

4.1 

E-19 

3.7 

E-19 

1.2 

E-19 

4.o 

E 

01 

4.8 

E-19 

4.5 

E-19 

1.4 

E-19 

5.0 

E 

01 

4.8 

E-19 

5.8 

E-19 

1.5 

E-19 

7.0 

E 

01 

4.4 

E-19 

8.0 

E-19 

1.5 

E-19 

1.0 

E 

02 

3.4 

E-19 

9.6 

E-19 

1.3 

E-19 

2.0 

E 

02 

1.8 

E-19 

9.2 

E-19 

6.6 

E-20 

3.0 

E 

02 

1.2 

E-19 

7.3 

E-19 

4.3 

E-20 

4.o 

E 

02 

8.8 

E-20 

6.1 

E-19 

3.1 

E-20 

5.0 

E 

02 

7.0 

E-20 

5.3 

E-19 

2.5 

E-20 

7.0 

E 

02 

5.0 

E-20 

4.3 

E-19 

1.8 

E-20 

1.0 

E 

03 

3.7 

E-20 

3.3 

E-19 

1.3 

E-20 

References : 

J.  Van  den  Bos,  G.  J.  Winter,  and  F.  J.  de  Heer,  Physica  1+0,  357  (1968); 
A.  Scharmann  and  K.  H.  Schartner,  Z.  Physik  228,  254  (19697  (these  data 
were  published  as  relative  cross  sections  only;  shown  here  normalized  to 
the  works  of  Van  de  Bos,  et_  al.  at  140  keV). 

Notes : 

Excitation  of  triplet  states  by  proton  impact  is  formally  forbidden 
because  electron  spin  is  not  conserved.  T> ere  are  no  reliable 
measurements  chat  indicate  this  rule  to  be  violated. 


Accuracy:  Systematic  error  < 9%.  Random  error  < 5%. 
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Tabular  Data  B-2.13. 


Cross  Sections  for  Formation  of  H Atoms  in  High  Excited  States 


by  H Impact  on  , He , N^ , 0o 


Energy 

(keV) 


Coefficients  a(n)  x nJ  (see  note  18) 
(cm2 ) 


H 

He 

N. 

o_ 

- 

- 

— 

- 

d_ 

- 

1.5 

E 

01 

5.0 

E-17 

2.0 

E 

01 

2.4 

e-i6 

8.3 

E-17 

3.2 

e-i6 

4.2 

e-i6 

3.0 

E 

01 

3.3 

e-i6 

1.2 

E-l6 

3.9 

e-i6 

5.0 

e-i6 

4.0 

E 

01 

3.0 

E-l6 

1.1 

e-i6 

3.9 

e-i6 

4.5 

e-i6 

5.0 

E 

01 

2.1 

e-i6 

8.9 

E-17 

3.6 

e-i6 

3.7 

e-i6 

6.0 

E 

01 

1.4 

e-i6 

7.3 

E-17 

3.1 

e-i6 

3.1 

e-i6 

7.0 

E 

01 

9.3 

E-17 

5.7 

E-17 

2.4 

e-i6 

2.6 

e-i6 

8.0 

E 

01 

6.7 

E-17 

4.6 

E-17 

2.0 

e-i6 

2.3 

e-i6 

1.0 

E 

02 

3.5 

E-17 

2.9 

E-17 

1.3 

e-i6 

1.7 

E-i6 

1.5 

E 

02 

9.3 

E-18 

6.0 

E-17 

• 9.7 

E-17 

1.8 

E 

02 

4.0 

E-18 

References : 


H+  + (H2,He)  -*■  H(n)  + (H2+,He+):  R.N.  Il'lin,  V.A.  Oparin,  E.S.  Solov'ev, 
and  N.V.  Fedorenko,  Soviet  Phys-JETP  Lett.  2_,  197  (1965). 

H+  + (N2,02)  -*■  H(n)  + (N2+,02+):  R.  Le  Doucen,  J.M.  Lenormand,  and  J.  Guidini, 
Le  Journal  de  Phys.  31^,  965  (1970). 


Notes : 


These  data  are  for  formation  of  all  states  having  a given  principal 
quantum  number  n.  It  is  known  that  the  cross  section  o(n)  for 


formation  of  such  a state  is  proportional  to  n" 


It  is  conventional 


to  determine  the  coefficient  a(n)  x n , and  it  is  this  coefficient 
that  is  given  here. 


The  data  presented  here  have  been  measured  for  states  ranging 
between  10  and  15. 


Accuracy : 

Systematic  error  < 10*.  Random  error  < 10*. 


348 


Tabular  Data  B-2.15. 

Electron  Capture  Cross  Sections  for  H+  and  H° 
Passing  Through  Helium 


Energy 

(keV) 

Cross  Sections 
(cm2) 

O 1 0 

Oi-i 

a0-i 

H++He-*-H° 

H++He-*-H~ 

H*+He^H- 

2.0  E-01 

1.5  E-18 

5.0  E-01 

2.9  E-18 

1.0  E 00 

5.2  E-18 

1.6  E-21 

2.0  E 00 

1.0  E-17 

4.7  E-21 

5.4  E-19 

5.0  E 00 

3.1  E-17 

2.3  E-20 

2.3  E-18 

1.0  E 01 

1.0  E-16 

1.0  E-19 

4.8  E-18 

2.0  E 01 

2.1  E-16 

3.5  E-19 

6.6  E-18 

5.0  E 01 

1.1  E-16 

5.0  E-19 

4.7  E-18 

1.0  E 02 

3.0  E-17 

3.3  E-20 

1.3  E-18 

2.0  E 02 

3.3  E-18 

1.0  E-21 

2.3  E-19 

5.0  E 02 

8.3  E-20 

1.0  E-20 

1.0  E 03 

3.6  E-21 

2.0  E 03 

1.1  E-22 

5.0  E 03 

8.5  E-25 

1.0  E 04 

1.4  E-26 

References: 

H^+He-Hl*:  V.  V.  Afroslmov,  Yu.  A.  Mamaev,  M.  N.  Panov,  and  N.  V.  Fedorenko, 

Sov.  Phys.-Tech.  Phys.  14,  109  (1969);  S.  K.  Allison,  Rev.  Mod.  Phys.  30, 

1137  (1958);  C.  F.  Barnett  and  H.  K.  Reynolds,  Phys.  Rev.  109,  355  (1958); 

K.  H.  Berkner,  S.  N.  Kaplan,  G.  A.  Paullkas,  and  R.  V.  Pyle,  Phys.  Rev.  140, 

A729  (1965);  L.  Colli,  F.  Crlstoforl,  G.  E.  Frlgerlo,  and  P.  G.  Stone,  Phys. 
Letters  _3»  62  (1962);  F.  J.  de  Heer,  J.  Schutten,  and  H.  Moustafa,  Physlca 
32.  1766  (1966);  J.  B.  H.  Stedeford  and  J.  B.  Hasted,  Proc.  Roy.  Soc.  (London) 
227A.  466  (1954);  J.  Desesquelles,  G.  D.  Cao,  and.M.  Dufay,  Compt.  Rend.  262B, 

1329  (1966);  U.  Schryber,  Hel.  Phy.  Act.  A40,  1023  (1962);  P.  M.  Stler  and 
C.  F.  Barnett,  Phys.  Rev.  103,  896  (1956);  L.  H.  Toburen  and  M.  Y.  Nakal, 

Phys.  Rev.  177.  191  (1969);  L.  M.  Welsh,  K.  H.  Berkner,  S.  N.  Kaplan,  and 
R.  V.  Pyle,  Phys.  Rev.  158,  85  (1967);  J.  F.  Williams,  Phys.  Rev.  157,  97 
(1967). 

H++He-*H~ : V.  F.  Kozlov  and  S.  A.  Bonder,  Sov.  Phys.-JETP  23,  195  (1966);  Ya. 

M.  Fogel,  Sov.  Phys.-Usp.  _3,  390  (1960);  U.  Schryber,  Hel.  Phy.  Act.  A40,  1023 
(1967);  L.  H.  Toburen  and  M.  Y.  Nakal,  Phys.  Rev.  177,  191  (1969);  J.  F.  Williams, 
Phys.  Rev.  150,  7 (1966). 

H +He-*-H~:  Ys.  M.  Fogel,  V.  A.  Ankudinov,  D.  V.  Pllipenko,  and  N.  V.  Topolla, 

Sov.  Phys.-JETP  34,  400  (1958);  P.  M.  Stler  and  C.  F.  Barnett,  Phys.  Rev.  103, 

896  (1956);  U.  Schryber,  Hel.  Phy.  Act.  A40,  1023  (1967). 


350 


Electron  Capture  Cross  Sections  for  IT  and  H 
Passing  Through  Helium 


ENERGY  (keV) 


Accuracy 


o0-i  ± 

Notes; 

Berkner,  et  al.,  results  for  D+  in  He  has  been  plotted  at  E/2 


Graphical  Data  B-2.16 


Tabular  Data  B-2.17 


Cross  Sections  for  the  Production  of 


Positive  Charges  in  and  He  by  H+ 


Energy 

(keV) 

Cross  Sections 
(cm2) 

h2 

He 

1.5  E 02 

1.77  E-l6 

8.66  E-17 

2.0  E 02 

1.40  E-l6 

6.99  E-17 

4.0  E 02 

7.59  E-17 

4.16  E-17 

6.0  E 02 

5.37  E-17 

3.08  E-17 

8.0  E 02 

4.18  E-17 

2.48  E-17 

1.0  E 03 

3.44  E-17 

2.09  E-17 

2.0  E 03 

1.91  E-17 

1.24  E-17 

3.0  E 03 

1.35  E-17 

9.29  E-l8 

References : 


E.W.  McDaniel,  J.W.  Hooper,  D.W.  Martin,  and  D.S.  Harmer,  Proc.  Fifth 
Int.  Conf.  on  Ionization  Phenomena  in  Gases  (Munich,  196l)  North-Holland 
Publishing  Co.  (Amsterdam)  Vol.  1_,  60  (1962);  L.I.  Pivovar  and  Yu.  Z. 
Levchenko , Sov . Phys . -JETP  25_,  27  ( 1967 ) . 
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Cross  Sections  for  the  Production  of 
Positive  Charges  in  and  He  by  H+ 
<3" 


(2W0)  NOI103S  SS0U3 
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Graphical  Data  B-2.18. 


! 

Tabular  Data  B-2.19. 

Cross  Sections  for  Production  of  Free  Electrons 
in  H2  and  He  by  Protons 

Energy 

Cross  Sections 

(keV) 

(cm2) 

Hz 

He 

1.0  E 00 

2.81  E-17 

2.0  E 00 

l*.l8  E-17 

1+.0  E 00 

6.19  E-17 

6.0  E 00 

7.96  S-17 

8.0  E 00 

9.29  E-17 

1.0  E 01 

1.05  E-l6 

2.18  E-17 

2.0  E 01 

1.55  E-16 

3.60  E-17 

1*.0  E 01 

2.27  E-l6 

6.08  E-17 

6.0  E 01 

2.57  E-l6 

8.23  E-17 

8.0  E 01 

2.1*7  E-16 

9.52  E-17 

1.0  E 02 

2.26  E-16 

9.87  E-17 

2.0  E 02 

1.36  E-l6 

7.01  E-17 

1*.0  E 02 

7.1*8  E-17 

1*  .15  E-17 

6.0  E 02 

5.30  E-17 

3.01*  E-17 

8.0  E 02 

1* . 20  E-17 

2.1*7  E-17 

1.0  E 03 

3.35  E-17 

2.09  E-17 

2.0  E 03 

1.81*  E_i7 

1.23  E-17 

'3.0  E 03 

1.30  E-17 

9.00  E-l8 

References : 

H+  + H2:  J.W.  Hooper,  E.W. 

McDaniel,  D.W. 

Martin,  and  D.S. 

Harmer , 

Phys.  Rev.  121 , 1123  (l96l);  L.I.  Pivovar  and  Yu.  Z,  Levchenko,  Soviet 
Phys.-JETP  25,  27  (1967);  Yu.  S.  Gordeev  and  M.N.  Panov,  Soviet  Phys.- 
Tech.  Phys.  j?,  656  (1961*);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and 


N.V.  Fedorenko,  Soviet  Phys.-JETP  15,  1*59  (1962);  F.J.  de  Heer,  J.  Schutten, 
and  H.  Moustafa,  Physica  32_,  1766  T1966);  V.V.  Afrosimov,  R.N.  Il'in, 
and  N.V.  Fedorenko,  Soviet  Phys.-JETP  7.,  968  (1958);  F.  Schwirzke,  Z.  Phys. 
157,  510  (i960);  Ya.  M.  Fogel,  L.I.  Krupnik,  and  fl.G.  Safronov,  Soviet 
Phys.-JETP  1,  1*15  (1955);  H.B.  Gilbody  and  A.R.  Lee,  Proc . Phys.  Soc . 

A-27L.  365  T1963);  M.S.  Rudd,  C.A.  Sautter,  and  C.L.  Bailey,  Phys.  Rev. 

151,  20  (1966). 

H+  + He:  E.W.  McDaniel,  J.W.  Hooper,  D.W.  Martin,  and  D.S.  Harmer, 

Proc.  Fifth  Int.  Conf.  on  Ionization  Phenomena  in  Gases  (Munich,  196l) 
North-Holland  Publishing  Co.  ( Amsterdam)  Vol.  1,  60  (1962);  L.I.  Pivovar 
and  Yu.  Z.  Levchenko,  Soviet  Phys.-JETP  25,  27  (1967);  F.J.  de  Heer, 

J.  Schutten,  and  H.  Moustafa,  Physica  32 , 1766  (1966);  H.B.  Gilbody  and 
A.R.  Lee,  Proc.  Roy.  Soc.  A-27k , 365  (1963);  N.V.  Fedorenko,  V.V.  Afrosimov, 
R.N.  Il'in,  and  E.S.  Solov’ev,  Proc.  Fourth  Int.  Conf.  on  Ionization 
Phenomena  in  Gases  (Uppsala,  1959),  North  Holland  Publishing  Co.  (Amsterdam) 
Vol.  1,  IA-1*7  (i960). 

Accuracy:  + 25^ . 


Tabular  Data  B-2.21 


Tabular  Data  B-2.23 


Total  Cross  Section  for  the  Production  of 
Free  Electrons  by  H°  Atoms  in  H^  and  He 


Energy 

(keV) 

Cross 

( 

Sections 

cm2) 

h2 

He 

1.5  E 02 

1.91  E-l6 

1.08  E-l6 

2.0  E 02 

1.67  E-16 

1.0U  E-l6 

2.5  E 02 

1.35  E-l6 

9.00  E-17 

3.0  E 02 

1.12  E-l6 

8.00  E-17 

3.3  E 02 

1.00  E-l6 

7.50  E-17 

Reference : 


Hg:  L.J.  Puckett,  G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178,  271  (1969). 
He:  L.J.  Puckett,  G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178,  271  (1969). 
Accuracy: 

± 20*. 
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Tabular  Data  B-2.25. 


Cross  Sections  for  Electron  Loss  or  Stripping 


for  Metastable  H(2s)  Atoms  in  and  He 


Energy  Cross  Sections 

( keV ) ( cm2 ) 


H2  He 


5.0 

E 

00 

2.5 

1.0 

E 

01 

2.9 

1.5 

E 

01 

3.5 

2.0 

E 

01 

3.9 

4.0 

E 

01 

4.5 

5.0 

E 

01 

4.5 

1.0 

E 

02 

3.2 

2.0 

E 

02 

2.0 

4.0 

E 

02 

1.0 

5.0 

E 

02 

8.0 

References : 


E-l6 

2.9  E-l6 

E-l6 

3.4  E-16 

E-l6 

3.2  E-l6 

E-l6 

3.1  E-l6 

E-l6 

2.3  E-l6 

E-l6 

2.0  E-l6 

E-l6 

1.3  E-l6 

E-l6 

7.7  E-17 

E-l6 

5.5  E-17 

E-17 

5.0  E-17 

H(2s)  + H2:  H.B.  Gilbody,  R.  Browning,  R.M.  Reynolds,  and  G.I.  Riddell, 

J.  Phys.  B 4,  94  (1971);  H.B.  Gilbody  and  J.L.  Corr,  J.  Phys.  B 7,  1953  (1974). 

H(2s)  + He:  H.B.  Gilbody,  R.  Browning,  R.M.  Reynolds,  and  G.I.  Riddell, 

J.  Phys.  B 4.,  94  (1971);  R.H.  Hughes  and  S.S.  Choe , Phys.  Rev.  A (>,  1413 
(1972);  H.B.  Gilbody  and  J.L.  Corr,  J.  Phys.  B 7,  1953  (1974). 

Accuracy : 

+ 20% 
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Cross  Sections  for  Electron  Loss  or  Stripping 


Graphical  Data  B-2.26. 


Tabular  Data  B-2.27. 


Cross  Sections  for  Electron  Stripping 


H Atoms  in  He  and  Ne 


Energy 

Cross  Sections 

(keV) 

(cm2) 

He 

Ne_ 

U.2  E 00 

1.22  E-l6 

6.67  E-17 

6.0  E 00 

1.11  E-l6 

8.91  E-17 

8.0  E 00 

1.19  E-l6 

1.09  E-l6 

1.0  E 01 

1.17  E-16 

1.23  E-l6 

2.0  E 01 

1.35  E-l6 

1.69  E-l6 

5.0  E 01 

1.23  E-l6 

2.00  E-l6 

8.0  E 01 

9.70  E-17 

1.99  E-l6 

1.0  E 02 

9.18  F -11 

1.91*  E-l6 

2.0  E 02 

5.76  E-17 

1.62  E-l6 

5.0  E 02 

2.56  E-17 

8.0  E 02 

1.63  E-17 

1.0  E 03 

1.33  E-17 

2.0  E 03 

7.05  E-18 

5.0  E 03 

2.58  E-18 

8.0  E 03 

1.98  E-18 

1.0  E 01 

1.60  E-18 

1.5  E 01 

1.13  E-18 

References : 

H + He:  C.F.  Barnett  and  H.K.  Reynolds,  Phys.  Rev.  109,  355  (1958); 

P.M.  Stier  and  C.F.  Barnett,  Phys.  Rev.  103,  896  (1956T;  G.W.  McClure, 
Phys.  Rev.  13>4,  A-1226  (1961+);  L.H.  Toburen,  M.Y.  Nakai , and  R.A.  Langley 
Phys.  Rev.  171,  111*  (1968);  J.F.  Williams,  Phys.  Rev.  157,  97  (1967); 

K. H.  Berkner,  S.N.  Kaplan,  and  R.V.  Pyle,  Phys.  Rev.  13^,  A-lU6l  (196U); 

L. M.  Welsh,  K.H.  Berkner,  S.N.  Kaplan,  and  R.V.  Pyle,  Phys.  Rev.  158, 

85  (1967). 

H +'Ne:  P.M.  Stier  and  C.F.  Barnett,  Phys.  Rev.  103,  896  (1956). 


Accuracy: 


Cross  Sections  for  Electron  Stripping 


Tabular  Data  B-2.29. 

Cross  sections  for  one  electron  loss  or  stripping  for  H- 
in  H2  and  He 


Energy 

(keV) 

Cross  Sections 
(cm2) 

h2 

He 

2.0  E- 

■01 

7.5 

E-l6 

4.6 

E-l6 

5.0  E- 

-01 

1.0 

E-15 

5.2 

E-16 

1.0  E 

00 

1.1 

E-15 

5.8 

E-l6 

2.0  E 

00 

1.2 

E-15 

6.1 

E-16 

5.0  E 

00 

1.2 

E-15 

6.0 

E-16 

1.0  E 

01 

1.0 

E-15 

5.4 

E-l6 

2.0  E 

01 

8.7 

E-16 

4.4 

E-l6 

5.0  E 

01 

6.0 

E-16 

3.2 

E-l6 

1.0  E 

02 

4.0 

E-16 

2.2 

E-16 

2.0  E 

02 

2.6 

E-16 

1.5 

E-l6 

5.0  E 

02' 

1.3 

E-17 

7.3 

E-17 

1.0  E 

03 

7.2 

E-17 

4.0 

E-17 

2.0  E 

03 

3.3 

E-17 

2.2 

E-17 

5.0  E 

03 

1.2 

E-17 

9.0 

E-18 

1.0  E 

04 

5.5 

E-18 

4.7 

E-l8 

1.7  E 

04 

2.7 

E-18 

References : 

H_  + H2:  J.F.  Williams,  Phys . Rev.  154,  9 (1967);  P.M.  Stier  and  C.F. 

Barnett,  Phys.  Rev.  103.  896  (1956);  P.H.  Rose,  R.J.  Connor,  and  R.P.  Bastide, 
Bull.  Am.  Phys.  Soc.  II -3.  1*0  (1958);  G.I.  Dimov  and  V.G.  Dudnikov,  Sov. 

Phys. -Tech.  Phys.  11,  919  (1967);  K.H.  Berkner,  S.N.  Kaplan,  and  R.V.  Pyle, 
Phys.  Rev.  134,  AlISl  ( 196U ) ; R.  Smythe  and  J.W.  Toevs , Phys.  Rev.  139, 

A-15  (1965);  H.  Tavara  and  A.  Russek,  Rev.  Mod.  Phys.  1*5,  178  (1973) ; 

J.S.  Risley  and  R.  Geballe,  Phys.  Rev.  A £,  21*85  (19747;  F.R.  Simpson  and 
H.B.  Gilbody,  J.  Phys.  B 5,  1959  (1972). 

H-  + He:  J.F.  Williams,  Phys.  Rev.  154.  9 (1967);  G.I.  Dimov  and 
V.G.  Dudnikov,  Sov.  Phys. -Tech.  Phys.  11,  919  (1967);  P.M.  Stier  and 
C.F.  Barnett,  Phys.  Rev.  103 . 896  (195ST;  K.H.  Berkner,  S.N.  Kaplan,  and 
R.V.  Pyle,  Phys.  Rev.  134,  A-ll*6l  (1964);  F.R.  Simpson  and  H.B.  Gilbody, 

J.  Phys.  B £,  1959  (1972T;  J.S.  Risley  and  R.  Geballe,  Phys.  Rev.  A 9, 

2485  (1974);  H.  Tavara  and  A.  Russek,  Rev.  Mod.  Phys.  45.,  178  (1973). 

Accuracy:  ♦_  25 %. 

Note: 

For  total  detachment  cross  sections  (o-l6  + 2o-ij)  see  J.S.  Risley  and 
R.  Geballe,  Phys.  Rev.  A 9,  2485  (1974);  J.S.  Risley,  Phys.  Rev.  A 10, 

731  (1974);  J.B.  Hasted  and  R.A.  Smith,  Proc . Roy.  Soc.  (Lond.)  A235. 

349  (1956);  J.B.H.  Stedeford  and  J.B.  Hasted,  Proc.  Roy.  Soc.  (Lond. ) 

A227.  466  (1955);  E.E.  Muschlitz,  Jr.,  T.L.  Bailey,  and  J.H.  Simons, 

J.  Chem.  Phys.  24,  1202  (1956)  and  J.  Chem.  Phys.  26,  711  (1957). 
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in  Collisions  of  H-  with  H 


ENERGY  (keV) 
Graphical  Data  B 


Tabular  Data  B-2.33. 


Cross  Sections  for  the  Two-Body  Recombination  of  He 
with  H Ions  and  of  He+  with  D-  Ions 


Barycentric 

Energy 

(eV) 

Recombination  Cross 
(cm2) 

Section 

+ — 

He  + D 

He  + H 

1.0  E 

00 

1.00  E-13 

2.0  E 

00 

7.36  E-lU 

3.0  E 

00 

6.1U  E-lU 

5.0  E 

00 

5.09  E-l4 

1.0  E 

01 

3.88  E-lU 

2.0  E 

01 

2.98  E-lU 

3.0  E 

01 

2.59  E-lU 

5.0  E 

01 

2.18  E-lU 

1.0  E 

02 

1.78  E-lU 

2.0  E 

02 

1.53  E-l4 

3.0  E 

02 

1.1*2  E-lU 

1.U1*  E-II4 

5.0  E 

02 

1.25  E-lU 

1.23  E-lU 

9.0  E 

02 

1.09  E-lU 

1.5  E 

03 

9.06  E-15 

2.0  E 

03 

9.27  E-15 

U.O  E 

03 

U.k2  E-15 

6.0  E 

03 

-■  — 1 ■ » ' ...  r—r 

1.93  E-15 

References : 

He+  + H : T.D.  Gailey  and  M.F.A.  Harrison,  J.  Phys.  B 3_,  1098  (1970) 

He  + D : R.E.  Olson,  J.R.  Peterson,  and  J.T.  Moseley,  J.  Chem.  Phys 
53,  3391  (1970). 

Accuracy: 


The  total  error  is  believed  not  to  exceed  + 35%. 


Tabular  Data  B-2.35 


Excitation  Cross  Sections  for  the  Reactions 
He+  + He  -*■  He+  + He*  ( 41S , 41P , U1D) 


Energy 

(keV) 

Cross 

Sections  for  Excited  State 
(cm2 ) 

nZ 

4±s 

41P 

41P 

5.0  E 00 

2.2  E-20 

5.3  E-20 

6.0  E 00 

2.6  E-20 

5.6  E-20 

8.0  E 00 

3.7  E-20 

6.5  E-20 

1.0  E 01 

4.9  E-20 

7.7  E-20 

1.5  E 01 

3.5  E-20 

3.0  E-19 

6.9  E-20 

2.0  E 01 

4.0  E-20 

3.0  E-19 

1.1  E-19 

3.0  E 01 

4.9  E-20 

2.6  E-19 

2.8  E-19 

4.0  E 01 

7.8  E-20 

3.3  E-19 

2.9  E-19 

5.0  E 01 

9.9  E-20 

3.0  E-19 

2.0  E-19 

6.0  E 01 

8.7  E-20 

2.6  E-19 

1.2  E-19 

7.0  E 01 

7.2  E-20 

2.4  E-19 

8.1  E-20 

8.0  E 01 

6.8  E-20 

2.2  E-19 

7.3  E-20 

1.0  E 02 

6.6  E-20 

6.7  E-20 

Reference : 


F.  J.  de  Heer  and  J.  Van  den  Bos,  Physica  31,  365  (1965). 


Accuracy:  Systematic  error  < 10$.  Random  error  < 5%. 
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CROSS  SECTION  (cm2) 


Excitation  Cross  Sections  for  the  Reactions 


He+  + He  - He+  + He*  (l^S,  k^P , uS) 


Graphical  Data  B-2.36. 
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Tabular  Data  B-2.37. 

Excitation  Cross  Sections  for  the  Reactions 
He+  + He  -*•  He+  + He*  (1*3S,  1*3P,  1+3D) 


Cross  Sections  for  Excited  State  n& 
(cm2  ) 


1*3S  1*3P  1*3D 


5.0 

E 

00 

2.2 

E-20 

7.5 

E 

00 

u.o 

E-20 

1.3 

E-20 

1.3 

E-19 

1.0 

E 

01 

3.!+ 

E-20 

5.8 

E-20 

1.1 

E-19 

1.5 

E 

01 

7.0 

E-20 

1.2 

E-19 

1.3 

E-19 

2.0 

E 

01 

3.2 

E-20 

1.3 

E-19 

1.6 

E-19 

3.0 

E 

01 

5.9' 

E-20 

1.1* 

E-19 

3.2 

E-19 

u.o 

E 

01 

8.2 

E-20 

2.0 

E-19 

3.7 

E-19 

5.0 

E 

01 

9.6 

E-20 

2.5 

E-19 

2.2 

E-19' 

6.0 

E 

01 

1.1 

E-19 

2.6 

E-19 

1.8 

E-191 

7.0 

E 

01 

1.1* 

E-19 

2.5 

E-19 

1.5 

E-19 

8.0 

E 

01 

1.2 

E-19 

2.3 

E-19 

1.1 

E-19 

9.0 

E 

01 

1.1 

E-19 

2.0 

E-19 

8.8 

E-20 

10.0 

E 

01 

1.1 

E-19 

7.5 

E-20 

References : 

F.  J.  de  Heer  and  J.  Van  den  Bos,  Physica  31.,  365  (1965). 


Accuracy:  Systematic  error  < 10%.  Random  error  < 5%. 


Energy 

(keV) 
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CROSS  SECTION  (cm 


Excitation  Cross  Sections  for  the  Reactions 


He+  + He  •>  He+  + He*  (1*3S,  U3P,  k3V) 


ENERGY  (keV) 


Graphical  Data  B-2.38. 


Tabular  Data  B-2.39.  Electron  capture  cross  sections  for  He+  in  H2 

and  He. 


Energy 

(keV) 

Cross  Sections 
(cm2) 

1.0  E-03 

2.0  E-03 

4.0  E-03 

7.0  E-03 

1.0  E-02 

2.0  E-02 

4.0  E-02 

7.0  E-02 

He++H2-He° 

1 Q 

He++He-»He  6 

2.5  E-15 

2.3  E-15 

2.1  E-15 

1.9  E-15 

1.8  E-15 

1.6  E-15 

1.4  E-15 

1.3  E-15 

1.0  E-01 

1.2 

E-16 

1.3 

E-15 

2.0  E-01 

1.4 

E-16 

1.2 

E-15 

4.0  E-01 

1.4 

E-16 

1.1 

E-15 

7.0  E-01 

1.3 

E-16 

9.7 

E-16 

1.0  E 00 

1.1 

E-16 

9.1 

E-16 

2.0  E 00 

7.5 

E-17 

8.1 

E-16 

4.0  E 00 

7.0 

E-17 

7.2 

E-16 

7.0  E 00 

9.0 

E-17 

6.3 

E-16 

1.0  E 01 

1.1 

E-16 

5.8 

E-16 

2.0  E 01 

1.7 

E-16 

4.7 

E-16 

4.0  E 01 

2.5 

E-16 

3.5 

E-16 

7.0  E 01 

2.6 

E-16 

2.8 

E-16 

1.0  E 02 

2.1 

E-16 

2.3 

E-16 

2.0  E 02 

1.0 

E-16 

1.3 

E-16 

4.0  E 02 

2.5 

E-17 

3.5 

E-17 

7.0  E 02 

5.5 

E-18 

7.5 

E-18 

1.0  E 03 

1.6 

E-18 

2.8 

E-18 

1.6  E 03 

3.0 

E-19 

7.0 

E-19 

bf«rwct«: 

He*H»2:  s*  *•  Allison,  J.  Cimvu,  P.  C.  Murphy,  Phys.  Rev.  102,  1041  (1956); 
C.  T.  Be rnett  and  P.  M.  St l«r,  Phys.  Rev.  109,  385  (1958);  H.  8.  Gilbody, 

J.  B.  Hasted.  J.  V.  Ireland.  A.  R.  Lae,  E.  W.  Thomas  and  A.  S.  Whiteman,  Proc . 
Roy.  Soc.  London,  A274.  40  (1943);  F.  J.  DeHeer,  J.  Schutten  and  H.  Moustafa, 
Physics  12,  1793  (1946);  L.  I.  Plvovar,  V.  M.  Tubaev,  and  M.  T.  Novikov,  Sov. 
Phys.-JETP  14,  20  (1942);  J.  8.  R.  Stedaford  and  J.  B.  Hasted,  Proc.  Roy.  Soc. 
London  A227.  466  (1935);  A.  B.  Wittkover,  C.  Levy,  and  H.  B.  Gilbody,  Proc. 
Phys.  Soc.  London  91,  S62  (1967). 


He  eHe:  S.  K.  Allison,  J.  Cuevas,  P.  G.  Murphy,  Phys.  Rev.  102,  1041  (1956); 
C.  F.  Barnett  and  P.  M.  Stier,  Phys.  Rev.  109,  385  (1958);  N.  V.  Fedorenko, 

L.  G.  Fllippenko,  and  l.  P.  Flaka,  Sov.  PhyS.-Tech.  Phys.  5,  45  (1960);  A. 
Galll,  A.  Ciardinl-Guldonl,  C.  C.  Volpi,  Nuovo  Cimento  26,  845  (1962);  T . J. 
DeHeer,  J.  Schutten  end  H.  Mouatafa,  Physica  32,  1793  (1^66);  H,  B.  Gilbody, 
J.  B.  Hasted,  J.  V.  Ireland,  A.  R.  Lee,  E.  W.  Thomas,  and  A.  S.  Whiteman, 

Proc.  Roy.  Soc.  London  A274,  40  (1963);  H.  B.  Gilbody  and  J.  B.  Hasted,  Proc. 

Roy.  Soc.  London  A238,  )34  (1956);  H.  C.  Hayden  and  M.  G.  UCterback,  Phys. 
Rev.  133 , A1575  (l96i)  ; F.  Mahadevan  md  C.  D.  Magnuson,  Phys.  Rev.  171. 

103  (19*8);  L.  I.  Plvovar,  ?.  M.  Tubaev,  and  M.  T.  Novikov,  Sov.  Phys.-JITP 
14,  20  (1962);  R.  r.  Potter.  J.  Chem.  Phys.  22,  974  (1934);  W.  N.  Shelton 

and  P A.  Stoycheff,  Phys.  Rev.  A3,  613  (1971);  J.  B.  H.  Stedeford  and 

J.  B.  Hasted,  Proc.  Roy.  Soc.  London  A227.  446  (1934). 

Accuracy Me*«*2:  » >31 
He%Ne : t 151 
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Electron  Capture  Cross  Sections  for 


ENERGY  (keV) 

Graphical  Data  B-2.40 


Tabular  Data  B-2.41. 

Electron  Capture  Cross  Sections  for  He  in  He 


Energy 

(keV) 

Cross  Sections 
(cm^) 

1 

°20 

o2i 

He+++He-*-He° 

He+++He-*-He+ 

6.0  E-02 

4.0 

E-16 

1.  E-01 

3.2 

E-16 

2.0  E-01 

2.6 

E-16 

4.0  E-01 

2.2 

E-16 

7.0  E-01 

2.0 

E-16 

1.3 

E-17 

1.0  E 00 

1.6 

E-17 

2.0  E 00 

2.1 

E-17 

5.0  E 00 

3.2 

E-17 

7.5  E 00 

3.9 

E-17 

1.0  E 01 

1.6 

E-16 

4.5 

E-17 

2.0  E 01 

1.5 

E-16 

7.1 

E-17 

5.0  E 01 

1.2 

E-16 

1.8 

E-16 

7.5  E 01 

1.1 

E-16 

2.7 

E-16 

1.0  E 02 

9.0 

E-17 

3.3 

E-16 

2.0  E 02 

4.0 

E-17 

2.4 

E-16 

5.0  E 02 

5.1 

E-18 

7.0 

E-17 

7.5  E 02 

9.5 

E-19 

3.3 

E-17 

1.0  E 03 

2.6 

E-19 

2.0 

E-17 

1.4  E 03 

3.6 

E-20 

6.0 

E-18 

3.0  E 03 

3.0 

E-19 

6.8  E 03 

7.3 

E-20 

References : 

-H-  + v 

He  +He->He  : V.V.  Afrosimov,  G.A.  Leiko,  Yu.  A.  Mamaev,  and  M.N.  Panov, 

Sov.  Phys.-JETP  40,  661  (1975);  S.  K.  Allison,  Phys . Rev.  1M,  76  (1958); 

J.  E.  Bayfield  and  G.  A.  Khayrallah,  Phys.  Rev.  A 11,  920  (1975);  K.  H. 
Berkner,  R.  V.  Pyle,  J.  W.  Steams,  and  J.  C.  Warren,  Phys.  Rev.  166 , 44 
(1968);  G.  R.  Hertel  and  W.  S.  Koski,  J.  Chem.  Phys.  40,  3452  (1964); 

P.  Hvelplund,  J.  Heinemeier,  E.  H.  Pedersen,  and  F.  R.  Simpson,  9th  Int. 

Conf.  Elect,  and  Atom.  Coll.,  p.  185,  Seattle,  Wash.  (1975);  V.  S.  Nikolaev, 

I.  S.  Dmitriev,  L.  N.  Fateeva,  and  Ya.  A.  Teplova,  Sov.  Phys.-JETP  13^,  695 
(1961);  L.  I.  Pivovar,  V.  M.  Tubaev,  and  M.  T.  Novikov,  Sov.  Phys.-JETP  14, 

20  (1962);  L.  I.  Pivovar,  M.  T.  Novikov,  and  V.  M.  Tubaev,  Soc.  Phys.-JEPT  15, 
1035  (1962);  M.  B.  Shah  and  H.  B.  Gilbody,  J.  Phys.  B _7,  256  (1974). 

He^+He-^He0 ; S.  K.  Allison,  Phys.  Rev.  109 , 76  (1958);  J.  E.  Bayfield  and 
G.  A.  Khayrallah,  Phys.  Rev.  A 1A,  920  (1975);  K.  H.  Berkner,  R.  V.  Pyle, 

J.  W.  Steams,  and  J.  C.  Warren,  Phys.  Rev.  166 , 44  (1968);  V.  S.  Nikolaev, 

L.  N.  Fateeva,  I.  S.  Dmitriev,  and  Ya.  A.  Teplova,  Sov.  Phys.-JETP  Di,  67 
(1962);  L.  I.  Pivovar,  M.  T.  Novikov,  and  V.  M.  Tubaev,  Soc.  Phys.-JETP  15 , 
1035  (1962);  H.  Schrey  and  B.  Huber,  Z.  Phy.  A 273,  401  (1975);  M.  B.  Shah 
and  H.  B.  Gilbody,  J.  Phys.  B 7,  256  (1974). 

Accuracy: 

He'H>He-He+:  + 25%.  He^+He-He0:  ± 20%. 
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(cm  ) 


Tabular  Data  B-2.43. 


Cross  Sections  for  One  Electron  Loss 

+ 

of  He  Ions  in  and  He 


Energy 
(keV ) 

Cross  Sections 
(cm2) 

h2 

He 

2.0  E 01 

6.0  E-19 

5.0  E 01 

1.9  E-18 

8.0  E 01 

3.4  E-l8 

1.0  E 02 

2.4  E-l8 

4.4  E-18 

2.0  E 02 

1.1  E-17 

1.0  E-17 

5.0  E 02 

2.0  E-17 

2.2  E-17 

8.0  E 02 

1.8  E-17 

2.3  E-17 

1.0  E 03 

1.5  E-17 

2.2  E-17 

1.5  S 03 

9.6  E-l8 

1.8  E-17 

2.0  E 03 

1.4  E-17 

4.0  E 03 

7.7  E-l8 

6.0  E 03 

5.2  E-l8 

References : 

He+  + H2:  S.K.  Allison,  J.  Cuevas,  and  P.G.  Murphy,  Phys.  Rev.  102, 

104l  (1956);  L.I.  Pivovar,  V.M.  Tubaev,  and  M.T.  Novikov,  Sov.  Phys.- 
JETP  l4,  20  (1962);  S.K.  Allison,  Phys.  Rev.  109,  76  (1958);  R.C.  Dehmel, 
H.K.  Chau,  and  H.H.  Fleischraann,  Atomic  Data  5.,  231  (1973). 

He+  + He:  S.K.  Allison,  J.  Cuevas,  and  P.G.  Murphy,  Phys.  Rev.  102, 

104l  (1956);  P.R.  Jones,  F.P.  Ziemba,  H.A.  Moses,  and  E.  Everhart, 

Phys.  Rev.  113,  182  (1959);  N.V.  Fedorenko,  V.V.  Afrosimov,  and 
D.M.  Kaminker,  Sov.  Phys. -Tech.  Phys.  1_,  l86l  (1956);  I.  S.  Dmitriev, 

V.S.  Nikolaev,  L.N.  Fateeva,  and  Ya.  A.  Teplova,  Sov.  Phys.-JETP  15 , 

11  (1962);  S.K.  Allison,  Phys.  Rev.  109,  76  (1958);  L.I.  Pivovar, 

V.M.  Tubaev,  and  M.T.  Novikov,  Sov.  Phys.-JETP  14,  20  (1962);  R.C.  Dehmel, 
H.K.  Chau,  and  H.H.  Fleischmann,  Atomic  Data  5.,  231  (1973);  A.R.  Lee  and 
H.B.  Gilbody,  3rd  Int.  Conf.  on  Phys.  of  Electronic  & Atomic  Collisions 
(London,  1963)  North-Holland  Publishing  Co.  (Amsterdam)  p.  692  (1964). 
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Graphical  Data  B-2.44. 

Cross  Sections  for  One  Electron  Loss 


(2W0)  N0I133S  SS0U3 
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ENERGY  (keV) 


Tabular  Data  B-2.45. 


Cross  sections  for  the  production  of  slow  electrons  by  He+ 
ions  in  H2  and  He. 


Energy 

Cross  Sections 

(keV) 

(cm2) 

h2 

He 

1.0  E-01 

2.2  E-17 

2.4  E-17 

2.0  E-01 

3.7  E-17 

2.5  E-17 

5.0  £-01 

4.1  E-17 

2.7  E-17 

7.0  E-01 

4.0  E-17 

2.8  E-17 

1.0  E 00 

3.9  E-17 

2.9  E-17 

2.0  E 00 

3.9  E-17 

3.2  E-17 

5.0  E 00 

4.0  E-17 

3.8  E-17 

7.0  E 00 

4.0  E-17 

4.1  E-17 

1.0  E 01 

4.0  E-17 

4.4  E-17 

2.0  E 01 

5.0  E-17 

5.2  E-17 

5.0  E 01 

1.2  E-16 

7.3  E-17 

7.0  E 01 

1.7  E-16 

8.6  E-17 

1.0  E 02 

2.4  E-16 

1.1  E-l6 

2.0  E 02 

3.5  E-l6 

1.8  E-16 

5.0  E 02 

2.8  E-16 

1.8  E-16 

7.0  E 02 

2.4  E-16 

1.6  E-16 

1.0  E 03 

2.1  E-l6 

1.3  E-16 

1.8  E 03 

1.5  E-16 

9.0  E-17 

References : 

He+  + H2:  R.A. 

Langley,  D.W.  Martin,  D.S. 

Harraer,  J.W.  Hooper 

, and 

E.W.  McDaniel,  Phys.  Rev.  136,  A379  (1964);  L.I.  Pivovar,  Yu.  Z.  Levchenko, 
and  A.N.  Grigor'ev,  Sov.  Phys.-JETP  27,  699  (1968);  H.B.  Gilbody  and 
J.B.  Hasted,  Proc . Roy.  Soc.  A240,  3$2  (1957);  H.3.  Gilbody,  J.B.  Hasted, 
J.V.  Ireland,  A.R.  Lee,  E.W.  Thomas,  and  A.S.  Whitman,  Proc.  Roy.  Soc. 

A27U , 40  (1963);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko, 
Sov.  Phys.-JETP  l8,  342  (1964);  F.J.  de  Heer,  J.  Schutten,  and  H.  Moustafa, 
Physica  32,  1793"Tl966). 

He+  + He:  F.J.  de  Heer,  J.  Schutten,  and  H.  Moustafa,  Physica  32_,  1793 
(1966);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko, 

Sov.  Phys.-JETP  18,  342  (1964);  N.V.  Fedorenko,  V.V.  Afrosimov,  and 

D. M.  Kaminker,  Sov.  Phys.-JETP  1_,  l86l  (1956);  H.B.  Gilbody,  J.B.  Hasted, 
J.V.  Ireland,  A.R.  Lee,  E.W.  Thomas,  and  A.S.  Whiteman,  Proc.  Roy.  Soc. 

A274,  40  (1963);  H.B.  Gilbody  and  J.B.  Hasted,  Proc.  Roy.  Soc.  A240,  382 
(l957) ; L.I.  Pivovar,  Yu.  Z.  Levchenko,  and  A.N.  Grigor'ev,  Sov.  Phys.-JETP 
27 , 699  (1968);  R.A.  Langley,  D.W.  Martin,  D.S.  Harmer,  J.W.  Hooper,  and 

E. W.  McDaniel,  Phys.  Rev.  136,  A379  (1964). 

Accuracy:  + 25#. 
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Tabular  Data  B-2.47. 


Cross  Sections  for  the  Production  of  Positive 


Ions  by  He+  Ions  in  and  He 


Energy 
( keV ) 

Cross  Sections 
(cm2) 

h2 

He 

3.0  E 00 

1.3  E-16 

5.0  E 00 

1.1  E-l6 

7.0  E 00 

1.2  E-l6 

1.0  E 01 

1.5  E-l6 

5.6  E-l6 

2.0  E 01 

2.2  S-16 

5.4  E-l6 

5.0  E 01 

4.0  E-l6 

4.2  E-l6 

7.0  E 01 

4.7  E-l6 

3.8  E-l6 

1.0  E 02 

5.3  E-l6 

3.4  E-l6 

2.0  E 02 

4.5  E-l6 

2.7  E-l6 

5.0  E 02 

2.8  E-l6 

1.8  E-l6 

7.0  E 02 

2.3  E-l6 

1.4  E-l6 

1.0  E 03 

1.8  E-16 

1.1  E-l6 

1.8  E 03 

1.3  E-16 

0.8  E-16 

References : 

He*  ♦ H2:  R.A.  Langley,  D.W.  Martin,  D.S.  Harmer,  J.W.  Hooper,  and 

E.W.  McDaniel,  Phys.  Rev.  136,  A3T9  (1964);  L.I.  Pivovar,  Yu.  Z.  Levchenko, 

and  A.N.  Grigor'ev,  Sov.  Phys.-JETP  27.,  699  (1968);  H.B.  Gilbody, 

J.B.  Hasted,  J.V.  Ireland,  A.R.  Lee,  E.W.  Thomas,  and  A.S.  Whiteman, 

Proc . Roy.  Soc.  A274 , 40  (1963);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin, 
and  N . V.  Fedorenko,  Sov.  Phys.-JETP  18,  342  (1964);  F.J.  de  Heer, 

J.  Schutten,  and  H.  Moustafa,  Physica  3*2,  1793  (1966);  R.  Browning, 

C.J.  Latimer,  and  H.B.  Gilbody,  J.  Phys.  B 2_,  534  (1969). 

He*  + He:  N.V.  Fedorenko,  V.V.  Afrosimov,  and  D.M.  Kaminker,  Sov.  Phys.- 
JETP  1.,  l86l  (1956);  F.J.  de  Heer,  J.  Schutten,  and  H.  Moustafa,  Physica 
32 , 1793  (1966);  E.S.  Solov’ev,  R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko, 
Sov.  Phys.-JETP  18,  342  (1964);  H.B.  Gilbody,  J.B.  Hasted,  J.V.  Ireland, 

A.R.  Lee,  E.W.  Thomas,  and  A.S.  Whiteman,  Proc.  Roy.  Soe.  A274 , 40  (1963); 
L.I.  Pivovar,  Yu.  Z.  Levchenko,  and  A.N.  Grigor'ev,  Sov.  Phys.-JETP  27 , 

699  (1968);  R.A.  Langley,  D.W.  Martin,  D.S.  Harmer,  J.W.  Hooper,  and 
E.W.  McDaniel,  Phys.  Rev.  136,  A 379  (1964). 

Accuracy: 

+ 25)5. 


382 


,-14 


in 

in 

<M 

<£ 

in 

CM 

r~ 

i 

O 

i 

o 

i 

O 

(2wo)  N0I1D3S  SSOdD 


0) 

32 

T3 

C 

«0 

CM 

X 


cn 

c 

o 


tf) 

c 

o 


u 

Pu 


0) 


M 

O 


c 

o 


o 

Q) 

cn 


0) 

0) 

O 

o 


383 


Graphical  Data  B-2.48. 


r 


Tabular  Data  B-2.49. 

I 


Cross  Sections  for  Positive  Ion  Production 

++ 

by  He  Ions  in  H2  and  He 


Energy 

Cross  Sections 

(keV) 

(cm2) 

h2 

He 

6.8  E 

00 

3.1 

E-l6 

1.0  E 

01 

4.2 

E-l6 

2.0  E 

01 

6.8  E-l6 

4.0  E 

01 

1.2 

£-15 

6.0  £ 

01 

1.3 

E-15 

8.0  E 

01 

1.3 

E-15 

1.0  E 

02 

1.3 

E-15 

1.5  E 

02 

1.3 

E-15 

5.7  E-16 

2.0  E 

02 

1.2 

E-15 

5.4  E-16 

4.0  E 

02 

8.1 

E-l6 

4.0  E-l6| 

6.0  E 

02 

6.3 

E-16 

3.2  E-l6 

8.0  E 

02 

5.1 

E-l6 

2.6  E-161 

1.0  E 03 

4.5 

E-l6 

2.3  E-l6 

References : 

He  * ♦ H2 : L.J.  Puckett,  G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178, 
271  (19<>9);  R.A.  Langley,  D.W.  Martin,  D.S.  Harmer,  J.W.  Hooper,  and 
E.W.  McDaniel,  Phys.  Rev.  136,  A 379  (1964);  W.G.  Graham,  C.J.  Latimer, 
R.  Browning,  and  H.B.  Gilbody,  J.  Phys.  B 7,  L405  (1974). 


He  + + He:  L.J.  Puckett,  G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178, 
271  (1969);  R.A.  Langley,  D.W.  Martin,  D.S.  Harmer,  J.W.  Hooper,  and 
E.W.  McDaniel,  Phys.  Rev.  136,  A379  (1964). 
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Tabular  Data  B-2.51 


Cross  Sections  for  the  Production  of  Free 


Electrons  by  He  in  H0  and  He 


Energy 

(keV) 

Cross  Sections 
(cm2) 

h2 

He 

1.8  E 02 

1.3  E-l6 

2.0  E 02 

6.3  E-l6 

1.5  E-l6 

4.0  E 02 

6.9  E-l6 

2.5  E-l6 

6.0  E 02 

5.9  E-l6 

2.5  E-l6 

8.0  E 02 

4.9  E-16 

2.3  E-16 

1.0  E 03 

4.2  E-l6 

2.1  E-l6 

References : 


Graphical  Data  B-2.52 


200  400  600  800  1000  1200  1400 

ENERGY  (keV)  ++ 

Cross  Sections  for  the  Production  of  Free  Electrons  by  He  in  Hg  and  He 


Tabular  Data  B-2.53. 


Cross  sections  for 
in  H2  and  He. 

one  and 

two  electron  loss 

for  He  atoms 

Energy 

(keV) 

Cross  Sections 
(cm2) 

One  Electron  Loss  (Ooi) 

Two  Electron  Loss  (CT02) 

h2 

He 

Hz 

He 

3.0  E 

00 

2.7  E-18 

U.O  E 

00 

5.0  E-18 

1*.  5 E-l8 

5.0  E 

00 

7.3  E-18 

8.0  E-18 

1.0  E 

01 

1.7  E-17 

2.3  E-17 

2.0  E 

01 

3.3  E-17 

h.2  E-17 

5.0  E 

01 

6.0  E-17 

7.0  E-17 

1.0  E 

02 

9.0  E-17 

9.2  E-17 

2.0  E 

02 

1.2  E-l6 

9.8  E-17 

2.5  E-18 

3.9  E-18 

5.0  E 

02 

1.1  E-l6 

9.0  E-17 

5.0  E-l8 

5.2  E-l8 

8.0  E 

02 

9.»*  E-17 

7.7  E-17 

3.7  E-l8 

3.7  E-18 

1.0  E 

03 

8.2  E-17 

7.0  E-17 

2.8  E-18 

2.8  E-18 

2.0  E 

03 

5.1  E-17 

U.3  S-17 

1.1  E-18 

1.3  E-l8 

3.0  E 

03 

3.8  E-17 

2.7  E-17 

7.1*  E-19 

1*.0  E 

03 

3.0  E-17 

2.0  E-17 

References : 

He  + H2:  E.H.  Pedersen  and  P.  Hvelplund,  J.  Phys.  B 7.  132  (197*0; 

P.  Hvelplund  and  E.H.  Pedersen,  Phys.  Rev.  A 9_,  2i»3*+  tl97**);  H.B.  Gilbody, 
K.F.  Dunn,  R.  Browning,  and  C.J.  Latimer,  J.  Phys.  B 3.,  1105  (1970); 

C.F.  Barnett  and  P.M.  Stier,  Phys.  Rev.  109,  385  (1958);  H.  Tawara, 

J.  Phys.  Soc.  Jap.  31,  871  (1971);  S.K.  Allison,  Rev.  Mod.  Phys.  30,  1137 
(1958);  Ya.  M.  Fogel,  V.A.  Ankudinov,  and  D.V.  Pilipenko,  Sov.  Phys.-JETP 
11,  18  (i960);  H.B.  Gilbody,  R.  Browning,  G.  Levy,  A. I.  McIntosh, 
and  K.F.  Dunn,  J.  Phys.  B 1^,  863  (1968);  A.B.  Wittkower,  G.  Levy,  and 
H.B.  Gilbody,  Proc . Phys.  Soc.  91,  862  (1967). 

He  + He:  E.H.  Pedersen  and  P.  Hvelplund,  J.  Phys.  B 7,  132  ( 197*0; 

P.  Hvelplund  and  E.H.  Pedersen,  Phys.  Rev.  A £,  2U3**  tl97*0;  C.F.  Barnett 
and  P.M.  Stier,  Phys.  Rev.  109,  385  (1958);  H.  Tawara,  J.  Phys.  Soc.  Jap. 
31,  236  (1971);  S.K.  Allison,  Rev.  Mod.  Phys.  30,  1137  (1958);  Ya.  M. 

Fogel,  V.A.  Ankudinov,  and  D.V.  Pilipenko,  Sov.  Phys.-JETP  1J,  18  (i960); 
H.B.  Gilbody,  K.F.  Dunn,  R.  Browning,  and  C.J.  Latimer,  J.  Phys.  B 3_, 

1105  (1970);  W.L.  Williams  and  F.M.  Goldberg,  VII  Int.  Conf.  on  the 
Phys.  of  Electronic  & Atomic  Collisions,  North  Holland  Publishing  Co. 
Amsterdamm  (1971)  p.  1087;  H.B.  Gilbody,  R.  Browning,  G.  Levy,  A. I. 
McIntosh,  and  K.F.  Dunn,  J.  Phys.  B 1_,  863  (1968);  A.B.  Wittkower,  G.  Levy, 
and  H.B.  Gilbody,  Proc.  Phys.  Soc.  91,  862  (1967). 

Note: 

Measurements  made  before  1970  did  not  properly  take  into  account  the 
presence  of  He  metastable  states. 


Accuracy : +_  25%. 
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CROSS  SECTION  (cm1 


F ""  1 


ENERGY  (keV) 

Graphical  Data  B-2.54. 

Cross  Sections  for  One  and  Two  Electron  Loss 

for  He  Atoms  in  and  He 
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Tabular  Data  B-2.55. 


Cross  Sections  for  Ionization  of  and  He  by  He  Atoms 


Energy  Cross  Sections 

(keV)  (cm2) 


‘ H2  He 


4.6 

E- 

-02 

2.5 

E-20 

5.0 

E- 

02 

3.5 

E-19 

7.0 

E- 

02 

6.0 

E-19 

1.0 

E- 

01 

2.2 

E-l8 

2.0 

E- 

01 

1.0 

E-17 

5.0 

E- 

01 

2.9 

E-17 

9.0 

E- 

01 

4.3 

E-17 

3.0 

E 

00 

3.8 

E-17 

5.0 

E 

00 

5.0 

E-17 

1.0 

E 

Cl 

7.7 

E-17 

2.0 

E 

01 

1.1 

E-l6 

5.0 

E-17 

5.0 

E 

01 

1.8 

P-16 

8.4 

E-17 

1.0 

E 

02 

2.4 

E-l6 

1.3 

E-l6 

2.0 

E 

02 

2.6 

E-l6 

1.4 

E-l6 

5.0 

E 

02 

1.9 

E-l6 

l.l 

E-l6 

1.0 

E 

03 

1.2 

E-l6 

7.3 

E-17 

References : 

He  + Hz:  N.G.  Utterback,  Phys.  Rev.  Letts.  12,  295  ( 196U ) ; L.J.  Puckett, 
G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178,  271  (1969);  E.S.  Solov'ev, 
R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko,  Sov.  Phys.-JETP  l8_,  342  (1964) 
E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko,  3rd  Int.  Conf. 
on  Phys.  of  Electronic  & Atomic  Collisions  (London,  1963)  North-Holland 
Publishing  Co.  (Amsterdam)  p.  692  (1964);  R.  Browning,  C.J.  Latimer, 
and  H.B.  Gilbody,  J.  Phys.  B 3,  667  (1970). 

He  + He:  L.J.  Puckett,  G.O.  Taylor,  and  D.W.  Martin,  Phys.  Rev.  178, 

271  (1969);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and  N.V.  Fedorenko, 

Sov.  Phys.-JETP  18,  342  (1964);  E.S.  Solov'ev,  R.N.  Il'in,  V.A.  Oparin,  and 
N.V.  Fedorenko,  3rd  Int.  Conf.  on  Phys.  of  Electronic  & Atomic  Collisions 
(London,  1963 ) North-Holland  Publishing  Co.  (Amsterdam)  p.  692  (1964). 


Accuracy: 
+ 25%. 


K AD-A053  827  ARMY  MISSILE  RESEARCH  AND  DEVELOPMENT  COMMAND  REDSTO 
COMPILATION  OF  DATA  RELEVANT  TO  RARE  GAS-RARE  GAS  AND 
DEC  77  E M MCDANIEL*  M R FLANNERY*  H M ELLIS 
UNCLASSIFIED  • Dh0MI-H-78-l-V0L-l  NL 


5 c*  5 

AO  A 

OW827 

* 

END 

OATE 

fiuko 

6 18 
ooc 

— ■ ■■■■•!—  ■ ■■■■•!— iiB^III—^llWHMIlMWW 
■■■■■'MBKiniiHBlMBiiiia 

■bh»:)|ibbb«iiiiii 

BBai'iiiHBriiiiiiMBiiiniiaiaaiiiiiiH 


= 

llllll 

■iiiii 

■■■hi 

■■■ill 

■ ■Bill 

■ ■■III 
■■■■■■• 

a b ■ ■ a 

■111 

■■■III 
■■■III 
■■aaai 
■■■■■■ 
■■■■■• 
M B B ■ B B 

■HI 

■■■iiiiih 

■ 

■ 

IIIIIIBBB 

■IIIIIIIM 

■ 

IIIIIIIM 

1 

|||j|l!l| 

HIIIIIIH 

■■■■■•■■■■■■ 
■ ■■illlllH 
MBIIIIIMB 

aaiBUBBV 

■ ■■■■■■■M 
HHII’IMMI 

■■ 

WflllllllBBB 

a 

■PS 

ilia 

■■■III 

IM 

K2IIIIIM 

1 

■llllll 

— ■■■■■! 

■ 

nwmmmrn  a 

Sit! 

IIIHI 

■ •■BBBBI 

■ ■•■MBI 

5 

■BBBaBBIIBVai 

■■■IIIIIN 

■■■■IIIIM 

5 

g 

■■aanamBi 

■■■■IIMI 

■■iiiiami 

MM 

■■■miiraa 

■ 

a 

in 

II  ^ 

■Mill 

IM 

■ 

llll 

II  Ml 

■ 

llllll' 

>■ 

HI!! 

II  HI 

■BBBII  lllMB 

■■■nr  iiimb 
■■■Jim 

■■■■■■■■■■i 

■■■■IIMI 

MIIIIMM 

mm 

■■■III! 

IBM 

■ 

in 

ii  Ban 

■Mill 

IM 

■III 

II  Ml 

■ 

BBS  I 

— ■ — ■ ■■■« 

■ 

IMM 

lllll 

MW 

II  HI 

■ ■•■HPi 

■mb  ■aanaam 



MHIIIIIIHM 

5 

■ ■BIIIMMI 

■ ■■■IIHBJBI 
HIIIIIMMI 

PHI 

■■iiiiii 

!■ 

■ 

V. 

III 

II  ■! 

■Mil 

im 

I 

■Ill 

■ 

llllll 

■ 

lllll 

II  HI 

*9a«itia 

■ ■ n ■ 1 1 i ■ 

■ ■■Hill 

■■■Hill 

111111111 


■■■■■mi 
■ ■■■■llll 
■■■111111 

lllll!!!| 


■ ■■ii 


IBSilIB! 


■■■■■Hi 

■■■■iiiil 

SSIIIIII 

■i!! 


illlli 


baatnl 

■ ■■Oil 

■■mil 
Hlllllll 
111111111 


■■•Ill 


■■■Hill 

■■■■Hill 


■■■■■■■a 

■■■■■■II 

■■■■■III 

11111111 


■ •■•til 

• ■■■ill 

■■■ml 

■■■lllll 


IIIIIIIHiBIIIIIIIHiBIIIIII 


■ ■■■■■■■la 

■ ■■■lllll 

■■■111111 


■ ■■mi 

■■■llll 

■■■iiiii 


■Mill 

llllllll 


§■■11111 

■■iiiiii 

lllllllll 


a^a  ■■■■■■■ 
■■■■■■ill 

■■■■lllll 

■■■■lllll 

llllllll 


baaiiil 

Evailll 
■ ■lllll 
llllllll 


■■inn 

llllllll 


■ ■■■■ml 

■ ■■■ami 

■ ■■■11111 
■■■■lllll 

llllllll 


[•iiiTc] 


Tabular  Data  B-2.57. 


Excitation  Cross  Sections  for  the  Reactions 
H+  + Ar  -*•  H(2s  ,3s)  + Ar+ 


Energy 

(keV) 

Cross 

Sections  for  State 
(cm2 ) 

2s 

3s 

4.0 

E 

00 

4.8 

E-18 

3.3 

E-l8 

5.0 

E 

00 

3.7 

E-18 

3.7 

E-l8 

6.0 

E 

00 

4.3 

E-18 

3.6 

E-18 

8.0 

E 

00 

6.9 

E-18 

3.5 

E-18 

1.0 

E 

01 

1.0 

E-17 

4.0 

E-18 

1.5 

E 

01 

2.0 

E-17 

5.7 

e-i8 

2.0 

E 

01 

2.3 

E-17 

7.4 

E-18 

3.0 

E 

01 

2.3 

E-17 

7.7 

e-i8 

4.0 

E 

01 

2.3 

E-17 

6.4 

E-18 

5.0 

E 

01 

2.1 

E-17 

5.2 

E-18 

6.0 

E 

01 

1.9 

E-17 

4.5 

E-18 

8.0 

E 

01 

1.4 

E-17 

3.5 

e-i8 

1.0 

E 

02 

9.6 

E-18 

2.7 

E-18 

1.5 

E 

02 

1.0 

E-18 

2.0 

E 

02 

3.5 

E-19 

3.0 

E 

02 

6.0 

E-20 

4.0 

E 

02 

1.7 

E-20 

5.0 

E 

02 

6.0 

E-21 

6.0 

E 

02 

5.1 

E-21 

7.0 

E 

02 

4.2 

E-21 

References: 

H+  + Ar  -*■  H(2s)  + Ar+:  R.H.  Hughes,  E.D.  Stokes,  Song-Sik  Choe,  and 
T.J.  King  Phys.  Rev.  A 4_,  1453  (1971);  R.L.  Fitzwilson  and  E.W.  Thomas, 
Phys.  Rev.  A _3,  1305  (1971)  [normalized  to  Hughes  et  al.]. 

H+  + Ar  -*■  H(3s)  + Ar+:  R.H.  Hughes,  H.R.  Dawson,  B.M.  Doughty,  D.B.  Kay, 
and  C.A.  Stigers,  Phys.  Rev.  146.  53  (1966);  R.J.  Conrads,  T.W.  Nichols, 
J.C.  Ford,  and  E.W.  Thomas,  Phys.  Rev.  AT,  1928  (1973). 

Notes : 

It  is  generally  found  that  the  cross  section  for  formation  of  H(ns) 
et  energies  above  80  keV  decreases  as  n-3;  this  rule  may  be  used  to 
extrapolate  to  other  ns  levels. 

Some  measurements  with  incident  D+  are  available.  In  general  these 
cross  sections  are  the  same  as  for  ff*-  projectiles  of  the  same  velocity. 
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Electron  capture  cross  sections  for  H+  and  H°  passing  through 
Ne  gas.  Tabular  Data  B-2.59. 


r 


1 


Energy  Cross  Sections 

(keV)  (cm2) 


Cio  O 0-1  01-1 


H++Ne-*tf° 

H°+Ne-*-H“ 

H++Ne-*-H“ 

4.0 

E- 

-01 

8.6 

E-18 

7.0 

E- 

-01 

2.1 

E-17 

1.0 

E 

00 

3.5 

E-17 

2.0 

E 

00 

8.8 

E-17 

1.7  E-18 

4.3  E-20 

4.0 

E 

00 

1.8 

E-16 

6.0  E-18 

1.7  E-19 

7.0 

E 

00 

2.8 

E-16 

1.3  E-17 

4.4  E-19 

1.0 

E 

01 

3.0 

E-16 

1.5  E-17 

7.2  E-19 

2.0 

E 

01 

2.3 

E-16 

1.1  E-17 

6.0  E-19 

4.0 

E 

01 

1.3 

E-16 

4.5  E-18 

1.5  E-19 

7.0 

E 

01 

7.6 

E-17 

1.0 

E 

02 

4.7 

E-17 

2.0 

E 

02 

1.4 

E-17 

4.0 

E 

02 

2.1 

E-18 

7.0 

E 

02 

2.6 

E-19 

1.0 

E 

03 

5.0 

E-20 

2.0 

E 

03 

4.2 

E-21 

4.0 

E 

03 

3.2 

E-22 

References : 

H++Ne'*,H°:  V.  V.  Afrosimov,  R.  N.  Il'in,  and  E.  S.  Solov'ev,  Sov.  Phys.- 
Tech.  Phys.  5,  661  (1960);  S.  K.  Allison,  Rev.  Mod.  Phys.  30,  1137  (1958); 

F.  J.  de  Heer,  J.  Schutten,  and  H.  Moustafa,  Physica  32_,  1766  (1966); 

J.  B.  H.  Stedeford  and  J.  B.  Hasted,  Proc.  Roy.  Soc.  (London)  A227,  466 
(1955);  P.  M.  Stier  and  C.  F.  Barnett,  Phys.  Rev.  103,  896  (1956);  U. 
Schryber,  Helv.  Phys.  Acta  40,  1023  (1967);  J.  F.  Williams  and  D.  N.  F. 
Dunbar,  Phys.  Rev.  149,  62  (1966). 

H#+Ne-*tf-:  S.  K.  Allison,  Rev.  Mod.  Phys.  30,  1137  (1958);  P.  M.  Stier  and 
C.  F.  Barnett,  Phys.  Rev.  103,  896  (1956);  J.  F.  Williams,  Phys.  Rev.  *153, 
116  (1967). 

tf^+Ne+H-:  S.  K.  Allison,  Rev.  Mod.  Phys.  JO,  1137  (1958);  V.  F.  Kozlow  and 
S.  A.  Bondar,  Sov.  Phys.-JETP  23,  195  (1966);  Ya.  M.  Fogel,  R.  V.  Mitin, 

V.  F.  Kozlow,  and  N.  D.  Romashko,  Sov.  Phys.-JETP  8,  390  (1959);  J.  F. 
Williams,  Phys.  Rev.  150.  7 (1966). 

Accuracy : 

do  - i 20X  Oo-i  - ± 25Z  o i-i  - unreliable  data. 

Notes : 

Oio  has  not  been  measured  between  200  keV  and  1 MeV. 
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B-2-61 


Tabular  Data  B-2.61. 

Electron  capture  cross  sections  for  H+  and  H° 


H*-*Ar-H':  T.  V.  Afroalaov,  Yu.  A.  Hun«,  M.  N.  Panov,  ».  Uroakavlch, 

Sov.  Phya.-Tach.  Phya.  12,  512  (1*67) ; V.  V.  Afroalaov,  «.  N.  Illn.  E.  S. 
Solovav,  Sov.  Phya.-Tach.  Phyo.  5,  661  (1960);  f.  Acorbl.  M.  Caatlgllonl, 

C.  Dutto,  F.  Raanlnl,  G.  Sued,  and  G.  Tagllaferrl,  Nuovo  Clnanco,  SOB, 

176  (1967);  C.  r.  Barnatt  and  H.  K.  Raynolda,  Phy».  Rav.  109,  J55  (195S); 

K.  H.  Barknar.  S.  N.  Kaplan,  C.  A.  Paullkaa,  and  K.  V.  Pyla,  Phya.  Rav. 

140,  A729  (1965);  l.  M.  Walah,  K.  H.  Barknar.  S.  N.  Kaplan,  N.  SallR,  and 
R.  V.  Pvla,  Phya.  Rav.  158,  65  (1967);  P.  M.  Stlar  and  C.  F.  Barnatt,  Phya. 

Rav.  103,  896  (1956);  Tu.  S.  Gordeav  and  M.  N . Panov,  Sov.  Phya.-Tach.  Phya. 

9.  656  (1964);  P.  J.  da  Hoar,  J.  Schuttan,  and  H.  Nouatafa,  Phyalca  32. 

1766  (1966);  D.  U.  Koopaan.  Phya.  Rav.  154,  79  (1967);  C.  Monnoa,  Raport 

’ EVR-CTA-FC-762  (1975);  l).  Schryhar,  Halv.  Phya.  Acta  40,  1023  (1967); 

L.  H.  Toburan,  M.  Y.  Nakal,  and  R.  A.  Langlay,  Phya.  Rav.  171.  114  (1968); 

J.  P.  Ullllaaa  and  0.  N.  P.  Dunbar,  Phya.  Rav.  149.  *2  (1966);  P.  N.  Stlar 
and  C.  P.  Barnatt , Phya.  Rav.  103.  894  (1954), 

H^Ar-tr : V.  V.  Afroalaov,  Tu.  A.  . M.  P.  Paaov,  and  9.  Uroakavlch, 

Sov.  Phya.-Tach.  Phya,  12,  512  (1947);  Ta.  If.  Pogal,  Sov.  Phya. -Dap.  3, 

390  (1940);  T.  V.  Afroalaov,  R.  N.  Il'ia,  and  B.  S.  Solov'av,  Sov.  Phya.- 
Tach.  Phya.  5,  461  (1940);  U.  Schrybar,  Balv.  Phya.  Acta  40,  1023  (1947); 
L.  H.  Toburan,  H.  Y.  Nakal,  and  R.  A.  Langlay,  Phya.  Rav.  177.  191  (1949); 
J.  P.  Ullllaaa,  Phya.  Rav.  150  , 7 (1944). 

H'+Ar-fl" : T.  M.  Donahua  and  P.  Huahfar,  Phya.  Rav.  124.  13B  (1961);  Ta.  M, 
Pogal,  V.  A.  Ankudinov,  D.  V.  Phlpanko,  and  8.  V.  Topolla,  Sov.  Phya . -jKIP 
7,  400  (1958) ; U.  Schrybar,  Halv.  Phya.  Acta  40,  1023  (1967);  P.  N.  Stlar 
and  C.  P.  Barnatt,  Phya.  Rav.  103,  896  (1956);  J.  P.  Ullllaaa,  Phya.  Rav. 
153.  117  (1967). 

Accuracy: 

o10  - 1 25*  o0-i  t 40*  «1-1  ‘ *0* 
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Tabular  Data  B-2.63. 


Cross  Sections  for  Single  Electron  Loss  or 
Stripping  for  H in  Ar  and  Ne 


Energy 

(keV) 

Cross  Sections 
(cm^) 

Ar 

Ne 

2.0 

E 

00 

6.5 

E-l6 

3.0 

E-l6 

4.0 

E 

00 

8.3 

E-l6 

3.3 

E-l6 

6.0 

E 

00 

9.7 

E-l6 

3.5 

E-16 

1.0 

E 

01 

1.2 

E-15 

3.7 

E-l6 

2.0 

E 

01 

1.6 

E-15 

4.2 

E-l6 

5.0 

E 

01 

1.5 

E-15 

4.9 

E-l6 

7.0 

E 

01 

1.3 

E-15 

1.0 

E 

02 

1.2 

E-15 

2.0 

E 

02 

9.0 

E-l6 

5.0 

E 

02 

6.0 

E-l6 

7.0 

E 

02 

5.0 

E-l6 

1.0 

E 

03 

4.0 

E-l6 

2.0 

E 

03 

2.6 

E-l6 

5.0 

E 

03 

1.3 

E-l6 

7-0 

E 

03 

1.0 

E-l6 

1.0 

E 

04 

7.5 

E-17 

References : 


H~  + Ar:  K.H.  Berkner,  S.N.  Kaplan,  and  R.V.  Pyle,  Phys.  Rev.  134,  Al46l 
(1964);  J.B.  Hasted  and  J.B.H.  Stedeford,  Proc.  Roy.  Soc.  (London)  A227, 
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Williams,  Phys.  Rev.  154 , 9 (1967). 

H”  + Ne:  R.  Smythe  and  J.W.  Toevs,  Phys.  Rev.  139,  A15  (1965);  P.M.  Stier 
and  C.F.  Barnett,  Phys.  Rev.  103,  896  (1956);  J.F.  Williams,  Phys.  Rev. 
15U.  9 (1967). 

Accuracy : 

± 25% 

Note : 


Berkner,  et^  al. , result  for  H"  + Ar  at  10  MeV  were  obtained  from  D“  + Ar 
at  20  MeV. 


Hn,  Hem/Kr,  Xe, Halides 


Tables  and  graphs  for  hydrogen  and  helium  ions  and  atoms  incident 
on  krypton,  xenon,  and  halides. 


a (A  ) 


m, m'=initial,  final  charge  on  H 

n, n'-initial,  final  charge  on  Kr 
10-i4  implies  H++Kr  -*■  H_+Kr4+ 


Graphical  Data  B-2.66. 


2 


V.  V.  Afrosimov,  Y.  A.  Manaev,  M.  N.  Panov,  and  N.  V.  Fedorenko 
Soviet  Physics-Technical  Physics  1^,  109  (1969). 


Graphical  Data  B-2.67 


Krypton 


Cross  sections  for  the  excitation  of  the  hydrogen  atom  in 
the  2s  and  2p  states  and  the  total  excitation  cross  sections  for  the 
n-2  state  as  functions  of  the  H~  ion  energy  during  collisions  with 
inert  gas  atoms,  o 1 - stripping  cross  section  of  neutral  hydrogen 
atoms. 

Ref.  A.L.  Orbeli,  E.P.  Andreev,  V.A.  Ankudinov,  and  V.M.  Dukel'skii 
Soviet  Physics  JETP  31,  1044  (1970). 


Graphical  Data  B-2.68. 
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Reference:  J.F.  Williams, 
Graphical 


10  20  30  40  50 

E(keV) 


m n m*  it* 

H + Xe  -►  H 4*  Xe 

m, m'  - initial,  final  charge  on  H 

n, n'  * initial,  final  charge  on  Xe 
10-14  implies  H++Xe  -►  H"+Xe4+ 


Reference:  V.V.  Afrosiraov,  Y.A.  Mamaev,  M.N.  Panov  and 

N.V.  Fedorenko,  Soviet  Phyaics  JETP  28,  52  (1969). 
Graphical  Data  B-2.70. 
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E(keV) 


_ .m  ...  n ltiTi  . u n 
h + /.e  ■*  H + Xe 


n^m'^initial,  final  charge  on  H 
n,n' “initial,  final  charge  on  Xe 
10-14  implies  H+iXe  ■*  H“  + Xe4+ 


Reference:  V.V.  Afroaimov,  Y.A.  Mamaev,  M.N.  Panov  and 

N.V.  Fedorenko,  Soviet  Physics  JETP  28.  52  (1969), 

Graphical  Data  B-2.71. 
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k 


H+Xe  -►  H + Xe 


Reference:  V 
N 


m, ni,  = initial , final  charge  on  H 

n, n'=initial,  final  charge  on  Xe 
10-14  Implies  H++XC  * H-+Xe^+ 


V.  Afrosimov,  Y.A.  Mamaev,  M.N.  Panov  and 
V.  Fedorenko,  Soviet  Physics  JEtP  2&,  52  (1969) 

Graphical  Data  B-2.72. 


4*  2+  3+ 

Cross  Sections  for  Kr  ,Kr  and  Kr 
production.  For  curve  (Total)  is  the 
sum  of  the  other  3 curves. 


Ref.  Z.Z.  Latypov,  l.P.  Flaks,  and  A. A.  Shaporenko,  Soviet 
Physics  JETP  30,  29  (1970). 


Graphical  Data  B-2.76. 


o(A  ) 


He  + Kr  He  Production 
n=0yl,2  and  m=0,l,2 


Reference: 

L.  I.  Pivovar,  V.  M.  Tubaev,  and  M.  T.  Novikov, 
Soviet  Physics  JETP,  14,  20  (1962). 


Graphical  Data  B-2.77. 
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o (A  ) 


He  + Kr  -*■  He+  Production 
Ke  + Xe  -*■  He  Production 

Ref.  Y.M.  Fogel,  V.A.  Ankudinov,  and  D.V.  Pilipenko, 
Soviet  Physics  JETP  11,  18  (1960). 


Graphical  Data  B-2.78. 
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v(10  cm/s 


He  + Kr  -*•  He  Production 
He  + Xe  -*■  He”  Production 

Ref.  Y.M.  Fogel,  V.A.  Ankudinov,  and  D.V.  Pilipenko, 
Soviet  Physics  JETP  11,  18  (1960) 


Graphical  Data  B-2.79. 


9 


13.0  + 18% 


1.1 

1.3 

11 .3  + 18% 

8.25  + 18% 

h"+CC12F2  H 

.9 

.73  ± 23% 

1.1 

.6  + 23% 

H +CC12F2  -*■  H 

1.3 

.5  ± 23% 

.9 

6.0  + 30% 

1.1 

5.2  ♦ 30% 

H + CC12F2  H+ 

— 1 

3.8  + 30% 

Ref.  G. 1.  Dlmov  and  V.G.  Dudnlkov , Soviet  Physics- 
Technical  Physics  11,  919  (1967). 


Tabular  and  Graphical  Data  B-2.83. 


419 


Secondary  Ion 
Produced 


Relative 

Abundance 


Secondary  Ion 
Produced 


Relative 

Abundance 


Cl* 

0.34 

C* 

- 

4. 

++ 

Cl+ 

28 

P 

4+ 

CCI2 

- 

c+ 

4.05 

CC12+ 

12.5 

F+ 

4.18 

CC1+ 

15 

CCl* 

0.7 

CC1* 

- 

CF+ 

17.2 

C12 

1.26 

Cl+ 

18.35 

CCI3 

38 

CCljP^ 

- 

C< 

0.09 

CC1++CF2 

40.5 

c+ 

3.8 

CC1+ 

- 

c" 

0.28 

cf2+ 

- 

Cl" 

99.3 

cci2f‘h' 

- 

CCl" 

0.18 

CC1F+ 

12.3 

C12~ 

0.24 

CC12F+ 

- 

cci2" 

- 

CC1F2+ 

2.8 

„ + 

F2 

C12 

cci2f2+ 

- 

c" 

4.1 

f" 

74.6 

Cl 


21.3 


Kr  1236  l 


Ar  1067  K 


6 10 
— E in  keV 


Apparent  emission  cross  sections  of  atomic  resonance  lines  produced  l>y  He* 
incident  on  Ne,  Ar.  Kr  and  Xe  at  10  3 torr. 

Ref.  F.J.  DeHeer,  B.F.J.  Luyken,  D.  Jaecks,  and  L.  Woltcrbcek 
Muller,  Physlca  41,  588  (1969). 


oi  io  io  ioo 

e in 

Emission  cross  sections  for  6 d 4Fnt—6f>  (A  = 4330  A), 

7s  *Pilt-bp  2 (1  - 4296  A)  and  7j'  W°iri  (>.  = 4310  A)  in  the 

case  of  He*  incident  on  Xc. 

Ref.  D.  Jaecks,  F.J.  DeHeer,  and  A.  Salop,  Physlca  36,  606 
(1967),'  ~ 


Graphical  Data  B-2.85. 


— C.  |1  Ml 

Emission  cross  sections  for  Kr  II  doublet,  doublet  prime  and  quartet  lines  by 
He*  incident  on  Kr.  All  upper  levels  have  a bp  electron. 

4619  A = bp  2P°ilt-bst  Pan  4633  A = bp’  2P°Ali~bs'  2 Dan 

4846  A = bp  -P®;.2  — 5.(2  Pa  2 4088  A = bp’  2/>gr2-5i'  *DS/t 

4057  A = bp'  "■P'hj  - 5s'  2Oa,i 

4355  A = bp  4/7?,.2-5s4  Pan 
4832  A = bp  *P^lt  - 5s4  P3  a 

Ref.  D.  Jaecks,  F.J.  DeHeer  and  A.  Salop,  Physlca  36,  606  (1967) 


Graphical  Data  B-2.86. 


Kmission  cross  sections  for  Xe  II  doublet  prime,  doublet  double  prime  and  quartet 
lines  produced  bv  He*  incident  on  Xe.  All  upper  levels  have  a bp  electron 
4877  A bp’  - r"r,  -bs’  3634  A = bp'  -\P!|/2- -Di  j 

5046  A bp'  :P°ui-bf'  -l>3,2 

4486  A - - bp'  -’PS/4  - 5</  *7*3/2  5292  A bp  *P?,.2  - 4^s  2 

5262  A = 6/)'  V)"r-b*'  */73,2  5419  A = 6/>  *7>jU-6s  JP3  ; 

5260  A = 6p  2P5..i-6s  =P„S  4845  A = bp  *D^lt-bs  *Pj  2 


Ref.  D.  Jaecks,  F.J.  DeHeer  and  A.  Salop,  Physica  36,  606  (1967). 


Graphical  Data  B-2.87. 
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EXCITATION  OE  k,  and  Xe  IIY  He*-  IMPACT 


i 


w 1 ,0  « _J ^Eink.V  10 


Emission  cross  sections  for  Kr  II  lines  produced  by  Hc+  incident  on  Kr. 
965  A = 4p«  2S|-4ps  2l\° 

669  A = 4d'  2l)j-4p5  21^® 

730  A = 4d  *Fj-4p»  *1^® 

. 782  + 784  A = 5s'  *I)-4p‘  M’j® 

+ 4d  il),-4p*  *Pt® 

844  A = 5s  *P4-4p*  ‘Pj® 

891  A = 5s  4Pj-4p5  2P,® 


Emission  cross  sections  for  Xe  II  lines  produced  by  He+  incident  on  Xe. 

1 100  A = 5p®  2S4-5p®  2P,« 

977  A = 6s' *l)r5p»  *P,® 

973  A =-•  6»  *P,-5p»  *P,® 

1075  A = 6s  ®P|-5p*  ,Pj® 

Ref.  F.J.  DeHeer,  B.F.J.  Luyken,  D.  Jaecks,  and  L.  Uolterbe 
Muller  Physica  41,  588  (1969). 

Graphical  Data  B-2.88. 
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Tabular  Data  B-2.89 


EXC  ITATION  UP  Kr  AND  Xe  BY  He*  IMPACT 


Kr  II  emission  cross  sections  in  units  10  17  cml/atom  2 kcV  He'  impact  energy, 
compared  to  contribution  from  cascade 


Wavelength 

(A) 

Transition 

Cross 

section 

Wavelength  (A)  of 
measured  lines 
contributing  to  cascade 

Cascade 

cross 

section 

844 

5s*  iysv  2i'i 

0.96 

4615, 

4846, 

4619,  4251, 

865 

5s-  l‘,-s”-p* 

0.47 

4185, 

6472. 

5683,  5024, 

4610, 

4825, 

3151.  3275, 

1.02 

5218, 

3200, 

5523,  4762, 

4680, 

3420, 

3205 

869 

5s  •*l,1-s2pS  *I>4® 

1.10 

4766, 

4293, 

3988,  5309, 

1.80 

911 

5s  4l*4-s*p»  ‘I*,® 

0.22* 

5208. 

4832, 

3754,  3995 

891 

5s  ®Pj-s*p»  *P4® 

0.57 

4099, 

4651, 

4437, 

0.32 

850 

Ss4Pt-s*p*  2|-j® 

0.12* 

4812, 

4432, 

5500,  4145 

782 

5s'  2 1 > j -s*|i»*V 

4088, 

4109, 

4577,  4691, 

2.36 

784 

5s'  -l>j-s*ps  -P,® 

4057, 

4422, 

4065,  4045, 

1.49 

818 

5s' 

small 

4633 

730 

4d  *F|-»*p®  -’Pj® 

0.55 

669 

4d'  *l)|-s*p»  *P,® 

1.16 

small 

965 

4p®  JSj-s2p5  2Pj® 

5.0 

small 

917 

4p*  2St-s=p»  -'P,® 

3.9 

• estimated 


Xc  II  emission  cross  sections  in  units  10  17  cm*/atont  2 kcV  He*  impact  energy, 
compared  to  contribution  from  cascade 


Wavelength 

Transition 

Cross 

section 

Wavelength  (A)  of 
measured  lines 
contributing  to  cascade 

Cascade 

cross 

section 

973 

6s  «P,-s*p»  *P,® 

0.85 

5309,  3933,  3509,  4921, 

0.74 

1084 

6s  2Prs 2p»  iP*° 

0.17 

4887,  4920 

926 

6s'  il)j-s1p*  *1^® 

1.40 

4617,  4415,  4877 

1.60 

885 

6s'  *P,® 

0.50 

5046,  5262,  5184  , 5971 

1.06 

977 

6s'  2l>,-s*p»  *P|® 

1.27 

6270 

1075 

6s  4p,-s*p»  *P,® 

2.11 

4845,  4890,  4216,  5293 

2.77 

5339 

1052 

6s  *P4-s*p»  *P,® 

2.0 

5419,  4603,  3944,  5372 

2.18 

1183 

6s  «P,-**p*  =P4" 

0.25 

3762,  5976,  5372 

912 

5<l  «l»rs»p»*Pj« 

1.40 

small 

1100 

5p*  *Sj-s2p»*Pj° 

28.0 

small 

1244 

5p**Sj-s*p»  *Pj® 

6.3 

Ref.  F.J.  DeHeer,  B.F.J.  Luyken,  D-  Jaecka,  and  L.  Holterbeek 
Muller,  Physica  41,  588  (1969). 
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r - - ^ 


i 


Variation  of  U»  ionisation  rata  for  alpha  particles  in  balinm  with 
concentration  of  added  imparity. 


(Alpha  particles  from  polonium  source) 

Ref.  H.S.W.  Massey,  E.H.S.  Burhop  and  H.B.  Gilbody,  Electronic 
and  Ionic  Impact  Phenomena,  Vol.  Ill,  Second  Edition, 

P.  1812  (Oxford  University  Press,  1971). 

Graphical  Data  B-2.91. 
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